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1  Introduction 


Background 

Most  Army  troop  installations  have  one  or  more  Central  Vehicle  Wash  Facilities 
(CVWFs)  for  tactical  vehicles.  Because  large  amounts  of  water  are  needed  to  wash 
these  vehicles,  the  facilities  include  treatment  structures  for  recycling  the  washwater. 
The  treatment  system  removes  mud,  debris,  and  oils  from  the  washwater.  This  mud 
and  debris  accumulates  in  the  treatment  structures,  primarily  in  sedimentation 
basins,  and  is  periodically  removed  for  disposal. 

The  sediment  removed  from  a  CVWF  has  characteristics  similar  to  material  dredged 
from  rivers  and  harbors — much  of  the  sediment  has  a  large  fraction  of  fine  soil  par¬ 
ticles.  Because  the  sediment  often  contains  a  large  percentage  of  water,  it  is  difficult 
to  handle  and  remove  from  the  basins  using  equipment  readily  available.  Managing 
CVWF  sediment  has  become  a  problem  to  Army  maintenance  personnel.  At  CVWF 
user’s  group  meetings  in  1988  and  1990,  attendees  identified  solids  management  as 
the  most  significant  operational  problem. 


Objective 

The  objective  of  this  research  is  to  review  relevant  scientific  and  engineering  literature 
associated  with  the  testing,  handling,  treatment  and  disposal  of  solid  residues  similar 
to  CVWF  residuals  to  suggest  CVWF  residual  management  procedures. 


Approach 

Researchers  conducted  a  review  of  scientific  literature  regarding  available  technologies 
for  the  treatment  of  CVWF  residuals.  The  review  included  information  on  residuals 
treatment  technologies  from  both  the  conventional  treatment  perspective  and  from  the 
conventional  sediments  disposal  perspective  to  determine  the  applicability  of  pertinent 
technology.  The  research  team  also  visited  central  vehicle  wash  facilities  and  a  dredge 
material  handling  site  to  determine  any  commonalities. 
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Scope 

The  information  presented  in  this  report  applies  to  CONUS  Army  installations  with 
Central  Vehicle  Wash  Facilities. 


Mode  of  Technology  Transfer 

It  is  recommended  that  the  findings  of  this  report  be  used  as  the  basis  for  any 
additional  research  directed  towards  CVWF  residuals  management. 
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2  CVWF  Background 

History  of  the  CVWF 

Army  vehicle  maintenance  and  unit  discipline  rests  on  the  idea  that  soldiers,  as 
operators  of  Army  equipment,  have  an  absolute  responsibility  to  keep  those  vehicles 
in  top  operational  readiness.  Cleaning  is  an  essential  element  of  good  maintenance 
and  inspection  practices.  Historically,  when  imits  returned  from  field  training, 
vehicles  were  cleaned  at  motor  pool  “washracks.”  Washing  took  a  long  time  and  used 
a  lot  of  water.  Washwater  was  normally  discharged  into  storm  ditches,  either  directly 
or  with  minimal  treatment. 

With  the  passing  of  the  Clean  Water  Act,  it  became  evident  that  the  Army  had  to 
change  the  way  it  handled  vehicle  washwater.  The  U.S.  Army  Construction 
Engineering  Research  Laboratory  (USACERL)  was  tasked  to  address  this  problem  and 
consequently  developed  the  CVWF  concept.  The  concept  called  for  constructing  large 
facilities  for  cleaning  all  tactical  vehicles  at  an  installation,  with  primary  and  second¬ 
ary  treatment  structures  for  treating  the  washwater.  The  washwater  was  then 
recycled  within  the  facility.  At  these  facilities,  large  numbers  of  vehicles  are  cleaned 
by  the  use  of  water  cannons,  high  pressure  hoses,  and  partial  vehicle  immersion. 

Construction  of  CVWFs  eliminated  himdreds  of  potential  violations  of  the  Clean  Water 
Act.  However,  the  success  of  the  concept  was  due  to  other  benefits  both  tangible  and 
intangible.  Because  of  savings  in  labor,  water,  and  energy,  construction  of  CVWFs 
normally  had  a  payback  of  less  than  2  years.  Use  of  the  CVWF  instead  of  motor  pool 
washracks  also  had  a  very  positive  impact  on  the  morale  of  the  troops.  Moving 
primary  vehicle  cleaning  from  the  motor  pool  to  the  CVWF  also  allowed  better  control 
and  monitoring  of  the  process. 


Operational  Procedures 

The  process  for  washing  vehicles  in  the  CVWF  generally  consists  of:  vehicle  queuing, 
preparation,  prewash,  washing,  and  exit.  The  CVWF  is  designed  with  traffic  flow  as 
a  major  concern.  Vehicles  enter  the  facility  at  one  point,  move  through  the  various 
cleaning  processes  in  sequence,  and  depart.  Figure  1  shows  a  central  vehicle  wash 
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facility  plan  with  a  bath  prewash.  TM  5-814-9  includes  planning,  design,  and 
operational  guidance,  and  descriptions  of  design  and  operating  practices  for  vehicle 
wash  stations,  wastewater  collection,  and  treatment  facilities. 

From  the  user’s  perspective,  operations  within  the  CVWF  unfold  in  the  following 
manner.  After  field  training,  units  approach  the  cantonment  area  along  various 
unpaved  roads  called  tank  trails.  By  design,  the  CVWF  is  constructed  adjacent  to  a 
major  tank  trail  entering  the  cantonment  area.  Arriving  in  march  column,  units  will 
enter  the  facility  and  begin  the  wash  process  before  entering  the  main  post.  Lead 
vehicles  are  usually  met  by  a  wash  facility  attendant  who  informs  unit  personnel  of  the 
status  of  the  CVWF  and  current  procedures. 

If  all  is  ready,  the  vehicles  are  guided  into  position  in  the  preparation  area  where  they 
are  made  ready  to  enter  the  prewash.  The  prewash  is  normally  a  water-filled  basin 
(often  called  a  “birdbath”)  through  which  the  vehicle  is  driven.  Cleaning  in  the  pre¬ 
wash  is  accomplished  by  two  combined  forces:  (1)  water  turbulence  from  the  vehicle 
moving  over  flexors  moimted  on  the  bottom  of  the  basin,  and  (2)  scouring  from  manned 
water  cannons. 

The  flexors  cause  the  tracked  vehicle  suspension  system  to  churn  the  water  and  loosen 
dirt  and  debris  from  the  road  and  drive  wheels.  At  the  same  time  these  flexors  raise 
the  vehicle  above  the  sediment  that  quickly  accumulates  in  the  bottom  of  the  bath. 
Vehicles  departing  the  bath  are  guided  into  the  post-wash  stations  where  detailed 
washing  takes  place.  Trash  cans  are  normally  provided  for  the  troops  to  use  in  the 
post-wash  area,  preparation  area  or  both.  However,  some  trash  always  finds  its  way 
into  the  washwater.  Vehicles  then  exit  the  CVWF  and  move  into  an  assembly  area  or 
return  to  the  motor  pools. 


Residuals  Management 

The  residue  deposited  by  the  vehicles  takes  a  different  route.  Whether  deposited 
during  preparation,  prewash,  or  the  wash  phase,  all  contaminated  water  from  the 
vehicle  cleaning  process  enters  the  CVWF  wastewater  treatment  process.  Although 
the  actual  configuration  is  site  specific,  some  generalizations  may  be  made.  First, 
CVWF  wastewater  treatment  systems  have  been  designed  to  recycle  washwater  and 
thus  reduce  installation  water  consumption.  Second,  systems  may  be  divided  into 
primary  and  secondary  treatment  strategies. 
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Figure  1.  Central  vehicle  wash  facility  plan  with  bath  prewash. 
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Primary  treatment  systems  have  two  goals.  One  is  to  reduce  the  concentration  of 
suspended  solids  in  the  waste  stream.  The  second  is  to  remove  free  oils  and  greases. 
To  accomplish  these  goals,  a  gravity  fed  sedimentation  basin  is  normally  constructed 
downgrade  from  the  CVWF.  This  basin  may  be  of  either  dual-  or  single-cell  construc¬ 
tion.  If  single-cell  construction  is  used,  CVWF  operations  must  cease  during  the  time 
that  captxired  sediments  are  removed  from  the  basin;  if  a  dual-cell  system  is  selected, 
operation  may  continue  with  one  cell  in  operation  while  the  second  is  being  cleaned. 
A  typical  basin  is  200  to  250  ft  long,  35  to  50  ft  wide,  and  5  to  8  ft  deep.  About  2  ft  of 
depth  is  reserved  for  sediment  storage  (1  ft  =  0.305  m;  1  in.  =  25.4  mm). 

The  invert  of  the  influent  pipe  is  always  above  the  water  surface  of  the  basin  to 
prevent  accumulation  of  debris  in  the  pipe.  The  influent  structure  is  either  a  simple 
center  pipe  inlet,  or  side  inlet  with  energy  dispersing  baffles.  The  inlet  design  gener¬ 
ally  determines  the  shape  and  distribution  of  solids  within  the  basin.  The  effluent 
structure  is  an  overflow  weir  with  a  baffle  to  contain  floating  oil  and  debris  inside  the 
basin.  Water  can  be  drained  from  most  basins  using  one  or  two  drain  pipes;  one  set 
at  the  basin  floor  and  the  other  set  at  the  design  sediment  depth.  Some  basins  have 
perforated  pipe  packed  in  gravel  along  one  wall.  This  feature  was  designed  to  aid  in 
dewatering  the  sediment  but  generally  has  not  been  successful,  possibly  because  of 
improper  installation  or  use. 

Ideally  the  sedimentation  basin(s)  will  be  operated  in  conjunction  with  the  operation 
of  the  bath.  The  basin  is  sized  to  treat  the  normal  plug  flow  from  the  water  cannon 
and  wash  hoses.  When  the  bath  is  emptied,  flow  into  the  basin  becomes  10  times 
greater.  To  maintain  treatment  efficiency,  this  bath  dump  is  batch  treated.  When  the 
bath  bottom  valve  is  opened,  a  valve  on  the  sediment  basin  effluent  pipe  is  closed,  and 
remains  closed  for  as  long  as  is  possible.  Generally  particle  size  in  the  sediment 
decreases  from  influent  end  to  effluent  end.  But  the  turbulent  surge  flow  from  empty¬ 
ing  the  bath  will  carry  larger  particles  to  the  effluent  end  of  the  basin. 

The  recommended  design  time  between  sediment  removal  is  1  year  (TM  5-814-9, 1992). 
However,  existing  facilities  in  which  basin  size  was  reduced  to  save  construction  costs 
may  require  removal  as  often  as  four  times  per  year.  Oils  and  grease  are  normally 
collected  by  mechanical  surface  skimming.  Baffles  maintained  near  the  effluent  weir 
reduce  carryover  in  the  system  discharge.  Recovered  oil  is  directed  into  either  an 
above-  or  below-surface  storage  tank.  All  tankage  and  oil  disposal  must  meet  local, 
State,  and  Federal  environmental  regulations. 

Cleaning  the  primary  treatment  system  normally  entails  the  following  steps.  First, 
the  CVWF  influent  is  cut  off  and  the  sedimentation  basin  is  allowed  a  quiescent  period 
during  which  particle  settling  occurs.  Second,  water  is  drained  from  the  basin  ‘^to  the 
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maximum  extent  possible”  (TM  5-814-9,  1992).  Third,  the  sediments  are  physically 
removed  from  the  settling  basin  by  front-end  loaders  and  dump  trucks,  which  have 
access  to  the  basin  via  concrete  ramps.  The  material  is  then  hauled  away  for  disposal 
under  the  applicable  local.  State,  and  Federal  regulations. 

Wastewater  and  the  materials  remaining  in  the  wastewater  stream  enter  the  second¬ 
ary  treatment  systems.  The  objective  of  the  secondary  treatment  system  is  to  improve 
the  recycle  water  quality  to  minimize  potential  health  hazards,  minimize  maintenance 
and  repair  due  to  scouring,  and  provide  discharge  quality  water.  The  two  secondary 
treatment  schemes  suggested  in  TM  5-814-9  are  intermittent  sand  filtration  and  treat¬ 
ment  lagoons.  A  third  alternative,  constructed  wetlands,  is  also  capable  of  meeting  the 
treatment  goals. 

The  sand  filtration  scheme  involves  constructing  an  equalization  basin  and  a  sand 
filter  field.  The  equalization  basin  dampens  flow  changes  from  the  primary  system. 
The  sand  filter  field  consists  of  a  wastewater  distribution  system  situated  above  a 
sand/gravel  bed  together  mounted  above  a  sub-surface  water  collection  system.  Waste- 
water  is  distributed  at  the  sand/gravel  bed  surface,  collected  after  filtration  through 
the  sand  bed,  and  deposited  in  a  make-up  water  supply  basin  for  reuse  in  the  CVWF. 

Treatment  lagoons  are  not  the  recommended  standard  (construction  currently  requires 
permission  by  the  Office  of  the  Chief  of  Engineers);  however,  they  are  currently  seen 
in  operation  at  various  installations.  Generally,  a  lagoon  system  will  consist  of  an 
equalization  basin  or  lagoon  followed  by  a  polishing  lagoon.  The  polishing  lagoon  is 
generally  designed  for  a  minimum  14-day  retention  time.  Further  deposition  of  sedi¬ 
ments  from  vehicle  wash  operations  is  expected  within  the  lagoon  system,  and  design 
life  requirements  include  this  storage  capacity.  Water  fi'om  the  treatment  lagoons 
enters  the  make-up  water  supply  basin  for  reuse  in  the  CVWF. 

An  alternative  to  recycling  is  to  discharge  water  from  the  primary  treatment  system 
directly  into  the  sanitary  sewer.  This  option  is  practical  for  smaller  CVWFs  without 
prewash  structures. 
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3  Solids  Handling  Management 

Disposal 

Ultimate  disposal  of  the  sediments  and  residues  from  CVWFs  must  be  based  primarily 
on  analysis  of  the  solids  from  the  basin  or  lagoon  and  the  regulations  of  the  State  in 
which  the  system  is  operated.  It  is  therefore  vitally  important  that  Installation  Envi¬ 
ronmental  Coordinators  understand  the  importance  of  adequate  sampling  methods, 
so  that  regulators  will  feel  confident  in  the  disposal  method  proposed.  It  is  likely  that 
a  CVWF  residual  treatment  scheme  in  one  State  will  be  quite  different  from  a  CVWF 
residual  treatment  scheme  in  another  State  both  in  cost  and  procedure,  due  to  the 
local  regulations.  It  is  essential  that  the  Installation  Environmental  Coordinator  be 
in  contact  with  the  appropriate  State  regulators  as  substantial  variation  exists  in 
regulations  and  allowable  disposal  options.  Federal  regulations  are  the  baseline  for 
State  regulations;  however,  many  States  go  beyond  these  baseline  values.  Conse¬ 
quently,  residue  disposal  will  remain  a  site-by-site  issue. 


Regulatory  Requirements 

Sediment  dredging  practice  was  reviewed  to  determine  applicability  to  CVWF  opera¬ 
tion  and  management.  The  regulatory  framework  for  dredged  material  was  reviewed. 
However,  solids  removed  from  CVWFs  are  not  defined  as  dredged  material,  and  those 
regulations  would  not  generally  apply.  The  major  exception  would  be  the  case  of 
materials  removed  from  the  settling  or  dewatering  basins  and  proposed  for  disposal 
as  fill  in  waters  of  the  United  States,  including  wetlands.  This  is  not  a  regular 
practice.  An  overview  derived  from  a  joint  U.S.  Army  Corps  of  Engineers  and  U.S. 
Environmental  Protection  Agency  publication  (USACE/EPA  1992)  is  summarized  in 
Appendix  A. 

One  issue  to  be  resolved  is  to  define  the  solid  materials  from  the  sedimentation  basins, 
i.e.,  whether  they  are  sediment,  soils,  sludge,  residue,  etc.  Following  that  definition, 
how  should  the  materials  be  treated? 
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States  vary  in  their  regulation  of  materials  from  CVWFs  based  on  (1)  if  the  materials 
are  solids  and  (2)  whether  or  not  the  materials  are  hazardous  or  special  wastes  that 
fall  under  some  other  category. 

In  many  cases,  ultimate  disposal  is  to  landfills  or  for  use  as  landfill  cover.  Placing 
CVWF  residues  in  landfills  is  contingent  on  the  material  passing  the  “paint  filter 
liquids  test.”  This  test  follows  the  USEPA  guidelines  for  disposal  of  solid  waste  to 
landfills,  which  prohibits  “free  liquid”  in  the  wastes  to  be  deposited.  The  test  involves 
placing  100  g  or  100  ml  of  waste  in  a  conical  paint  filter  and  observing  it  for  5  minutes. 
If  any  gravity  drainage  occurs,  “free  liquid”  is  present  and  the  CVWF  sediment  is 
banned  until  further  dewatering  has  taken  place. 

Appendix  B  contains  a  review  of  the  cleanup  standards  for  remediation  of  soils.  Values 
for  parameters  of  concern  requiring  cleanup  are  extremely  variable,  often  site  specific, 
and  in  some  cases  require  risk  assessment.  As  seen  from  the  limited  characterization 
data  available  from  CVWF  facilities,  the  importance  of  state-specific  drivers  is  obvious. 
It  is  apparent,  however,  that  contaminant  values  of  TPH  (Total  Petroleum  Hydro¬ 
carbons,  an  indicator  of  POL  contamination)  and  heavy  metals  are  not  usually  major 
concerns.  The  values  for  contaminants  are  also  not  major  concerns  when  looking  at 
the  rules  for  beneficial  reuse  of  sludge. 


Solids  Characterization 

Field  data  supplied  by  the  USACERL  Technical  Assistance  Center,  Environmental 
Engineering  and  Operations  team,  shows  that  particle  distribution  in  the  CVWF 
primary  sedimentation  basins  ranges  from  roughly  0.1  micron  to  6.5  mm.  Samples 
excluding  the  coarse  fraction  (away  from  the  influent  end  of  the  basin),  range  from  0.1 
to  300  microns,  with  more  than  90  percent  consistently  passing  the  200  sieve  (75 
microns).  One  hydrometer  analysis  indicated  70  to  80  percent  of  the  particles  were 
smaller  than  36  microns.  Colloids  are  defined  as  particles  less  than  0.01  to  10  microns 
in  size.  In  several  cases,  10  percent  was  smaller  than  0.1  to  0.3  microns,  and  in  once 
case  30  percent  was  colloidal. 

The  solids  content  of  fine  CVWF  residue  following  decantation  and  a  period  of  surface 
evaporation  is  estimated  to  be  approximately  30  to  40  percent. 
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Dick  (1991)  reviewed  data  from  a  limited  number  of  sedimentation  basins  and  drew 

the  following  conclusions: 

•  Extremely  fine  particles  are  found  in  CVWF  residues.  DIO  values  (10  percent  of 
the  particles  by  mass  are  smaller  than  this  size)  were  fotmd  to  be  in  the  general 
order  of  a  micrometer  at  several  installations. 

•  Particle  sizes  in  sediments  diminish  from  the  influent  to  the  effluent  end  of  the 
sedimentation  basins.  This  is  expected  based  on  sedimentation  theory. 

•  Large  variations  occur  even  at  the  same  site. 

•  Sediments  have  lower  water  contents  at  the  influent  end  of  sedimentation  basins 
than  at  the  effluent  end.  This  phenomenon  is  likely  to  be  related  to  the  larger 
particle  sizes  near  the  influent  end. 

•  Heavy  metal  concentrations  are  low  as  compared,  for  example,  to  the  concentra¬ 
tions  of  heavy  metals  in  municipal  wastewater  sludges  that  are  applied  to  agri¬ 
cultural  land. 

•  Limited  data  on  organic  compounds  show  the  presence  of  petroleum-related 
compounds. 

•  Pronounced  spatial  distribution  of  oils  and  greases  in  sediments  is  not  apparent 
from  the  data,  but  was  visually  apparent  in  sediments  at  one  installation. 


Sampling 

The  purpose  of  sampling  CVWF  sediments  is  to  characterize  and  analyze  the 
sediments.  Objectives  of  a  thorough  characterization  include  determining  contaminant 
distribution  and  evaluating  appropriate  materials  handling  and  treatment,  and  dis¬ 
posal  technologies  for  the  particle  distribution  present.  Sampling  of  sediments  to  be 
removed  from  the  CVWF  basins  or  sediment  in  dewatering  basins  is  necessary  before 
ultimate  disposal  because  of  regulatory  testing  requirements. 

Sampling  for  characterization  and  chemical  analysis  typically  requires  small  sample 
volumes.  These  samples  must  be  representative  of  the  sediment  overall,  and  must  be 
handled  and  preserved  in  keeping  with  the  testing  requirements. 

Determining  contaminant  distribution  requires  samples  of  all  particle  sizes  present. 
Data  available  on  contaminant  distributions  within  CVWF  sedimentation  basins  indi¬ 
cates  that  full  depth  samples  will  be  required,  distributed  over  the  width  and  length 
of  the  basins,  due  to  irregularities  in  contaminant  distributions  observed  in  previous 
analyses. 
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The  material  in  the  settling  basins  may  be  nonhomogeneous  due  to  a  layering  effect 
resulting  from  washing  different  vehicle  t5T)es,  or  after  operation  in  different  soils,  and 
can  be  distributed  nonhomogeneously  along  the  length  of  the  basin.  The  sampling 
design  should  therefore  consider  the  need  to  acquire  a  representative  composite  of  the 
total  volume  of  material  to  be  disposed.  Forty  to  60  percent  of  the  total  sediment 
volume  may  be  in  the  “pile”  near  the  influent  line.  The  remainder  is  distributed  in  a 
fairly  smooth  layer.  The  nature  of  emptying  the  birdbath  will  stir  up  and  rearrange 
solids  due  to  the  forceful  flow,  which  causes  an  unpredictable  distribution  of  particle 
sizes. 

Since  the  material  in  the  basins  may  be  composed  of  layers  with  differing  charac¬ 
teristics,  sampling  from  the  full  thickness  of  material  would  be  reqmred.  Surface 
samples  would  not  be  adequate.  Since  the  thickness  of  the  materials  in  the  basins 
would  be  only  a  few  feet,  a  push  tube  sample  would  likely  be  adequate  in  most  cases. 
The  pile  may  be  up  to  8  ft  deep,  but  layers  within  the  pile  are  usually  less  than  3  in. 
thick. 

Two  sampling  techniques  may  be  required.  The  push  tube  will  work  in  the  first  half 
or  third  of  the  basin.  A  clam  shell  sampler  works  better  in  the  effluent  end.  It  is  more 
effective  to  sample  after  free  water  is  removed.  However,  time  constraints  may  reqvure 
sampling  from  a  full  basin. 

Several  types  of  push  tube  samplers  are  available,  including  the  Wildco  hand  corer, 
and  Lexan  tube  samplers. 

The  Wildco  hand  corer  has  a  metal  shaft  and  semi-conical  tip  and  seal  (flutter  valve) 
for  sample  retention.  Eggshell  inserts  are  available  to  minimize  sample  loss  as  the 
corer  is  retrieved.  Clear  acrylic  liner  tubes  are  also  available.  The  Wildco  corer  was 
designed  for  sampling  sediments  in  shallow  water.  Very  fluid  sediments  may  be  easily 
displaced  by  the  corer,  making  sample  collection  difficult.  Very  hard,  compacted  sedi¬ 
ments  may  be  difficult  to  penetrate  with  the  sampler.  The  standard  shaft  is  roughly 
3  in.  in  diameter  and  24  in.  long.  The  sampler  can  be  modified  with  longer  shafts  and 
plastic  tips. 

Lexan  tube  samplers  operate  on  the  same  principal  as  Wildco  hand  corers.  The  tubes 
are  made  of  Lexan,  which  requires  a  protective  tip  or  sleeve  while  the  tube  is  being 
driven  into  the  sediment.  The  tubes  are  driven  by  hand  until  movement  ceases.  They 
are  then  driven  several  inches  more  with  a  driver  to  plug  the  end  and  prevent  sample 
loss  on  retrieval.  A  vacuum  can  be  connected  to  the  top  of  the  sampler.  The  tube  is 
capped  while  still  submerged. 
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Samples  obtained  with  tube  samplers  are  extruded  and  stored  as  required  to  preserve 
the  contaminants  of  interest.  Sectioning  may  be  facilitated  by  freezing,  if  this  is  not 
contradictory  to  other  requirements.  Chain  of  custody  procedures  may  need  to  be 
followed. 

A  sampling  plan  should  be  developed  so  that  a  sufficient  number  of  samples  are 
obtained  to  adequately  characterize  the  sediment.  Factors  to  be  considered  include: 

•  purpose  of  sampling 

•  study  objectives 

•  historical  data 

•  physical  site  constraints 

•  volume  of  area  to  be  sampled 

•  available  funds. 

Physical  limitations  pertaining  to  sediment  sampling  may  include  the  highly  fluid 
nature  of  the  fine  sediments  contained  within  the  basins,  which  may  make  both 
sample  retrieval  and  access  difficult.  Samples  may  have  to  be  obtained  before  all  the 
surface  water  is  drained  off,  while  a  small  boat  or  platform  could  still  be  floated  to 
obtain  access  to  interior  areas  of  the  basins.  The  area  to  be  sampled  is  not  very  large, 
and  t5q)ically  the  sediments  are  deposited  in  predictable  patterns.  This  information 
can  be  used  to  determine  an  appropriate  sampling  grid. 

The  number  of  samples  to  be  analyzed  will  be  determined  by  available  funds,  and  the 
expected  course  of  action  should  contaminants  be  found.  It  may  be  most  economical 
initially  to  analyze  only  those  samples  most  likely  to  be  contaminated  (t3q>ically  the 
fines),  if  the  presence  of  contaminants  anywhere  in  the  sediment  would  initiate  a 
specified  response  for  all  the  sediments.  More  extensive  analysis  may  be  justified  if 
treatment  or  beneficial  uses  are  to  be  considered  for  some  or  all  of  the  sediment,  and 
a  more  thorough  characterization  may  be  necessary. 


Source  Control 

Destruction  or  removal  of  small  quantities  of  contaminants  from  CVWF  residues  is 
difficult.  It  is  better  to  avoid  introducing  them  into  the  wastewater  stream  through 
“source  control,”  a  preventative  strategy. 

Simple  and  economical  source  control  procedures  could  relieve  many  of  the  complica¬ 
tions  in  managing  vehicle  washing  residues.  Policy  decisions  are  needed  to  implement 
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source  control  methods;  capital  and  operating  costs  for  source  control  would  represent 
a  trivial  fraction  of  vehicle  washing  costs  (Dick  1991). 

Source  control  procedures  could  be  implemented  before,  during,  and  sifter  vehicle 
washing  (Dick  1991)  in  the  preparation/queuing,  prewash,  wash,  and  assembly  areas. 
The  desired  policies  are  to  require  discharge  of  wastes  (other  than  soil  on  the  outside 
of  vehicles)  before  the  prewash  and  wash  facilities  and  to  prevent  discharge  of  wastes 
other  than  soil  in  the  prewash  and  wash  facilities. 

Specific  targets  for  source  control  are  gross  solids  of  human  origin  (particularly 
munitions)  and  petroleum  products  from  vehicle  bilges.  Gross  solids  collection  facili¬ 
ties  at  the  preparation/queuing  and  assembly  areas  could  resemble  a  t5q)ical  domestic 
recycling  point.  Appropriate  bins  clearly  labeled  with  “Spent  Cartridges,”  “Live 
Ammunition,”  “Chemoluminescent  Wands,”  or  “Other  Materials,”  could  be  placed  in 
convenient  clearly-identified  locations.  A  means  for  legitimately  surrendering  ammu¬ 
nition  beyond  the  currently  authorized  point  is  especially  essential. 

Oils  and  greases  cannot  be  eliminated  from  washwater  residues  by  source  control. 
Significant  reduction,  however,  of  oil  and  grease  content  should  be  possible  by  avoiding 
unnecessary  discharges  of  petroleum  products.  Vehicle  bilges  are  one  source  readily 
amenable  to  control.  Bilge  water  tankage  and  pumping  stations  could  readily  be 
provided  at  appropriate  preparation/queuing  and  assembly  areas.  These  facilities 
could  be  similar  to  domestic  recreational  vehicle  wastewater  receiving  stations. 

Source  control  of  vehicle  washing  wastewater  requires  conscientious  participation  by 
those  washing  vehicles  at  Army  installations.  This  is  a  minor  part  of  their  total  duty. 
Hence,  the  major  challenge  in  implementing  a  successful  source  control  program  is 
organizational,  not  technical.  Effective  policies,  regulations,  educational  programs, 
and  control  procedures,  together  with  continual  vigilance  are  essential.  Clear  instruc¬ 
tions,  convenient  procedures,  and  appeals  based  on  the  importance  of  the  source  con¬ 
trol  program  to  resource  conservation  and  environmental  quality  control  are  indicated 
along  with  the  more  usual  military  means  for  assuring  policy  implementation. 


Dewatering/T  reatment/Disposal 

Liquid/solid  separation,  solid/solid  separation  (classification)  and  sediment  contami¬ 
nant  treatment  technologies  are  all  of  interest  in  addressing  the  questions  leading  to 
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ultimate  disposal  of  CVWF  residuals.  A  review  of  the  literature  and  analysis  of  field 
data  indicates  that  there  are  two  possible  approaches  to  CVWF  solids  management: 

1.  Dewatering  of  sediment  within  the  CVWF  settling  basin,  followed  by  treatment, 
if  necessary,  and  disposal  after  the  sediment  is  removed  from  the  basin,  and 

2.  Removal  of  slurried  material  from  the  basin  followed  by  dewatering,  treatment, 
if  necessary,  and  disposal  technologies  to  be  applied  after  material  is  removed 
from  the  settling  basin.  Dewatering  is  the  primary  problem  addressing  solids 
handling  from  CVWFs. 

Extensive  research  has  been  completed,  or  is  ongoing,  in  the  treatment  of  contami¬ 
nated  soils.  Limited  performance  data  is  available  concerning  treatment  of  contami¬ 
nated  dredged  material.  Some  treatment  technologies  developed  for  contaminated 
soils  may  be  applicable  to  contaminated  dredged  material.  A  recent  cooperative  effort 
between  the  U.S.  Army  Waterways  Experiment  Station  (WES),  Army  Corps  of 
Engineers  Districts,  and  the  USEPA  evaluated  some  of  these  technologies  and  treat¬ 
ment/management  selection  strategies  (Averett  et  al.  1990).  That  guidance  document 
was  reviewed  for  applicability  to  CVWF  solids  management. 

Treatment  and  disposal  technologies  are  determined  by  the  physical  characteristics 
of  the  contaminated  materials;  the  natime  and  concentration  of  contaminants  present; 
and  technological,  budgetary,  and  regulatory  constraints.  The  same  treatment  and 
disposal  technologies  should  be  applicable  to  CVWF  solids,  whether  sediments  are 
dewatered  before  or  after  being  removed  from  the  basin,  unless  significant  differences 
in  the  contaminants  and  material  characteristics  result  from  different  dewatering  or 
handling  techniques. 

Other  treatment  considerations  are  apparent  from  the  literature.  Separation  of  coarse 
and  fine  fractions  of  contaminated  sediment  is  considered  desirable,  because  contami¬ 
nants  tend  to  associate  with  the  fine  particle  fraction  of  a  sediment.  In  theory,  the 
coarse  fraction  can  usually  be  disposed  without  treatment  while  fine  sediments  can 
require  further  treatment  before  disposal.  In  practice,  perfect  separation  of  coarse/fine 
fractions  and  clean/dirty  fractions  does  not  occur.  Unpublished  data  from  previous 
USACERL  research  shows  that  particle  size  and  chemical  analysis  of  samples  from 
primary  sedimentation  basins  at  Aberdeen  Proving  Ground  and  Forts  Campbell, 
Carson,  Hood,  Stewart,  and  Bragg  demonstrate  some  inconsistencies.  In  some  cases, 
fine  particles  were  deposited  near  the  influent  end  of  the  basin,  where  primarily  coarse 
particle  deposits  were  expected.  Although  some  differences  in  contaminant  levels 
could  be  measured  from  influent  to  effluent  end  of  the  basins  (and  coarse  to  fine 
sediment  distribution),  it  was  not  clearly  demonstrated  that  adequate  separation  of 
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particle  sizes  was  occurring  within  the  basins  to  support  the  “coarse  is  clean” 
assumption.  The  emptying  of  the  birdbaths  produces  a  completely  mixed  situation  in 
the  sedimentation  basin,  which  invalidates  the  theoretical  situation  of  the  coarser 
solids  dropping  out  at  the  head  of  the  structure  and  fines  settling  in  the  further 
reaches.  Representative  sampling  and  testing  of  sediments  removed  from  each  basins 
is  necessary  to  accurately  determine  ultimate  treatment  and  disposal  requirements. 
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4  Dewatering  Basics 


Overview 

The  goal  at  CVWF  sites  is  to  keep  the  technology  to  the  minimum  essential.  Because 
minimal  resources  will  be  available  to  operate  and  mmntain  facilities,  the  facilities 
and  technology  must  be  simple  to  operate,  inexpensive  to  maintain,  cost  effective  and 
provide  appropriate  quality.  Processes  requiring  constant  monitoring,  skilled  opera¬ 
tors,  chemicals,  large  amounts  of  energy,  and  otherwise  draining  the  resources  of  the 
Directorate  of  Public  Works  should  be  avoided.  The  majority  of  dewatering  technol¬ 
ogies  presented  here  are  not  appropriate  for  use  at  Army  CVWFs,  but  are  presented 
for  completeness. 

Handling  and  dewatering  of  fine  sediments  can  be  a  problem  in  CVWF  operation. 
Coarse  materials  are  occasionally  excavated  and  removed  shortly  after  surface  water 
is  removed.  Fine  materials  require  weeks  to  months  to  dewater  sufficiently  to  be  mini¬ 
mally  workable  with  heavy  equipment  (approximately  30  to  40  percent  solids  content, 
estimated).  The  focus  of  this  chapter  is  directed  principally  toward  dewatering  tech¬ 
niques  for  fine  materials. 

Dewatering  is  the  common  term  for  liquid/solid  separation  directed  at  producing  a  dry 
solid  residue.  The  tjq)es  of  water  associated  with  solid  particles  include: 

•  bulk  or  free  water 

•  micropore  water 

•  colloidally  bound  water 

•  chemisorbed  water. 

Bulk  water  is  intermingled  with  the  solids,  but  not  bound  to  them,  and  can  be  removed 
by  conventional  mechanical  dewatering  processes.  Micropore  water  is  located  in  pores 
and  capillaries  of  the  solids,  and  is  difficult  to  remove.  Some  micropore  water  can  be 
removed  by  high  pressure  processes.  Colloidally  bound  and  chemisorbed  water  are 
bound  by  surface  forces  or  chemical  bonds.  Colloidally  bound  water  and  chemisorbed 
water  are  not  removed  by  any  conventional  mechanical  dewatering  processes.  Pro¬ 
cesses  such  as  electro-dewatering,  acoustic  dewatering,  and  electro-acoustic  dewater¬ 
ing  address  removal  of  bound  water,  but  are  presently  in  developmental  stages 
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(Ensminger  1986;  Muralidhara,  Senapati,  and  Beard  1986;  and  Lockhart  1986). 
Thermal  technologies  address  drying  the  sediment  by  causing  a  phase  change  in  water 
contained  in  the  sediments,  as  distinguished  from  dewatering  technologies  that 
remove  water  without  inducing  a  phase  change.  Thermal  technologies  require  high 
energy  inputs  and  are  not  considered  economically  feasible,  or  necessary,  for  CVWF 
applications. 

The  water  distribution  of  a  typical  colloidal  suspension  is  given  by  Muralidhara, 
Senapati,  and  Beard  (1986),  and  illustrates  the  limitations  of  conventional  mechanical 
dewatering  processes  for  colloidal  suspension: 


bulk  water 
micropore  water 
colloidal  water 
chemisorbed  water 


40  percent 
40  percent 
10  percent 
10  percent. 


Dahlstrom  (1986)  gives  a  concise  summary  of  the  necessary  analysis  sequence  for  a 
liquid/solid  separation  problem  (Table  1).  Some  elements  of  this  analysis  may  not  be 
applicable  to  CVWF  solids.  The  information  in  Table  1  represents  a  quick  paper  study 
that  could  be  performed  for  each  sediment  to  be  dewatered  to  facilitate  technology 
selection. 


Dewatering  Method  Review 

Demonstrated  dewatering  and  densification  techniques  for  dredged  material  are  listed 
below,  along  with  processes  having  potential  application  to  CVWF  solids  (Averett  et 
al.  1990  and  Johnson  et  al.  1977): 


•  primary  settling 

•  surface  drainage 

•  subsurface  drainage 

•  solar  evaporation 

•  progressive  trenching 

•  wick  drains  /vertical  drainage  panels 

•  surcharge  loading 

•  vertical  sand  drains 

•  chemical  additives 


•  filtration 

-  belt  filter  press 

-  vacuum  filtration 

-  chamber  filtration 

-  cross  flow  filtration 

-  centrifugal  filtration 

•  gravity  thickening 

•  centrifugation 

•  hydrocyclones. 


Other  potentially  applicable  techniques  include  vegetative  desiccation  and  thin  lift 
placement.  Figure  2  from  Muralidhara,  Senapati,  and  Beard  (1986)  citing  Shafick 
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(1981)  gives  applicable  particle 
size  ranges  and  potential  solids 
concentrations  produced  for  sever¬ 
al  of  the  above  mentioned  pro¬ 
cesses. 

Primary  Settling 


Primary  settling  is  the  deposition 
by  gravity  of  settleable  solids  from 
a  liquid  waste  stream.  Primary 
settling  is  the  most  widely  used 
dewatering  technology  applied  to 
dredged  material,  and  is  the  tech¬ 
nology  in  use  for  initial  water/solid 
separation  at  the  CVWFs  visited. 

Wastewater  from  the  CVWF  is  di¬ 
rected  to  the  inlet  of  a  settling 
basin.  Settling  basins  are  de¬ 
signed  based  on  overflow  velocity, 
defined  as  volumetric  flow  divided 
by  plan  area  of  the  basin.  A  given 
overflow  velocity  will  allow  parti¬ 
cles  of  a  prescribed  diameter  to 
settle  out  before  the  wastewater 
leaves  the  basin  through  the  out¬ 
let.  Particles  too  small  to  settle, 
including  colloids,  which  will  not 
settle  without  chemical  coagula¬ 
tion,  are  carried  out  in  the  effluent 
from  the  basin. 

Primary  settling  achieves  the  ini¬ 
tial  gross  liquid/solid  separation, 
but  sediments  still  contain  high 
amounts  of  water,  which  must 
drain  by  gravity  after  surface 
water  is  drained  off.  Fine  sedi¬ 
ments  have  low  permeabilities  and  gravity  drainage  can  take  a  long  time.  For  this 
reason,  primary  settling  is  sometimes  combined  with  adjunct  processes  such  as 
subsurface  drainage.  Another  alternative,  which  is  not  mentioned  in  the  literature  but 


Table  1.  Liquid/soiid  separation  analysis. 

A.  Solid  Analysis 

Particle  size  distribution  and  range 

Chemical  composition  and  range 

Weight  percent  suspended  solids  feed  concentration 

and  range 

Must  it  be  flocculated-what  type  required-anionic, 
cationic,  nonionic 

Abnormal  shape  or  surface  factors  possible 
Is  it  valuable  or  a  waste  disposal  requirement 


B.  Liquid  Analysis 

Chemical  composition  and  range 
pH  and  range 

Viscosity  (if  different  from  water) 

Other  specific  important  factors 

i.e.,  scaling  tendencies,  will  it  be  reused,  etc. 

Is  it  valuable  or  a  waste  disposal  requirement 


C.  Operating  Conditions 
Temperature  and  range 
Design  quantity 
Bases-solids  and/or  liquid 
Equipment  availability  requirements 
Peak  capacity  requirement 
Pressure-if  different  from  atmospheric 
Possible  special  requirements 
Toxicity  or  hazard  problems 

Vapor  pressure  if  significant 
Maintenance  considerations 
Emphasize  minimizing  and  downtime 

D.  Develop  Real  Performance  Requirements 
Average  and  approximate  rate  basis 
Required  final  solids  product  liquid  content 
Required  recovery  of  dissolved  salts  and/or  wt  %  in  the 

solids  product 

Required  solids  content  maximum  in  liquid  product 
Any  other  required  factors 

E.  Use  of  data  files  for  preliminary  estimate  of  required 
equipment  size  and  flowsheet  for  the  solid/liquid 
separation  steps 

F.  Determination  of  whether  estimate  is  dependable  for 

final  decision,  or  must  test  work  be  performed 
Type  of  testing  for  possible  equipment  to  be  used: 
Bench  scale 
Pilot  plant 

Can  representative  test  samples  be  obtained 
Should  average  of  feed  quantity  be  tested-Normally 
average  and  80-90  percentile 
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may  merit  consideration,  is  some  type  of  body  feed  to  the  influent  of  the  sedimentation 
basin,  for  the  purpose  of  increasing  the  permeability  of  the  fine  deposits.  Body  feeds 
(flocculants),  which  are  used  in  conjunction  with  filtration  to  enhance  flow  through  the 
filter  cake,  have  the  characteristics  of  high  permeability  and  rigidity.  Subsurface 
drainage,  and  filtration  are  detailed  in  the  following  text. 

Surface  Drainage 

Surface  drainage  of  standing  water  is  the  first  step  in  dewatering  sediments  deposited 
in  a  sedimentation  basin  (Bartos  1977).  Surface  drainage  is  achieved  by  the  use  of 
weirs  and  other  adjustable  water  control  structures  to  release  surface  water  while 
retaining  solids. 

Adequate  surface  drainage  removes  remaining  standing  water,  prevents  reinfiltration 
due  to  ponding  from  rain  or  consolidation  of  foundation  materials,  and  exposes  the 
sediment  to  the  air.  A  quiescent  period  before  surface  drainage  is  initiated  may  be 
necessary  to  ensure  sufficient  time  for  deposition  of  all  settleable  particles. 
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Subsurface  Drainage 

Subsurface  drainage,  or  underdrainage,  can  be  achieved  by  providing  a  permeable  base 
and  perforated  drainage  pipes  in  the  foundation  material  of  the  sedimentation  basin. 
Drainage  pipes  could  not  be  installed  in  existing  concrete  sedimentation  basins  unless 
provision  was  made  for  heavy  equipment  to  work  over  them  to  remove  deposited 
sediment.  A  sacrificial  sand  or  gravel  layer  could  potentially  enhance  dewatering  of 
the  fine  sediments  that  accumulate  in  the  lower  portion  of  the  basin.  (An  experiment 
with  this  method  was  initiated  by  USACERL  in  FY93,  but  was  discontinued  due  to 
programmatic  redirection.)  A  perforated  drainage  pipe,  wrapped  in  geotextile  and 
placed  in  a  gravel  bed,  runs  the  full  length  of  the  concrete  sedimentation  basins  at  one 
installation.  This  has  been  insufficient  to  promote  adequate  drainage  of  the  basin. 
Fouling  of  the  gravel  and  geotextile  with  fines  has  been  an  operational  problem,  and 
must  also  be  considered  with  an  underdrainage  bed.  If  properly  installed,  the  under¬ 
drainage  bed  may  prevent  plugging  of  the  drainage  pipe.  An  underdrainage  system 
would  probably  require  provision  for  backwashing,  or  be  sacrificed  when  the  basin  is 
emptied. 

Sand  beds  are  a  potential  alternative  for  dewatering  outside  of  the  sedimentation 
basin.  An  example  of  one  tjq)e  of  underdrainage  system  could  be  incorporated  in  a 
modified  Combined  Disposal  Facility.  Vertical  panels  covered  with  nonwoven 
polypropylene  over  a  bed  of  drain  pipes  and  placed  at  intervals  within  the  basin  could 
provide  an  enhanced  drainage  path  to  the  drain  bed.  Maximum  dewatering  time  for 
a  2  meter  deep  basin  was  5  months.  Minimum  dewatering  time  was  1  month. 
Sediments  were  removed  from  the  basin  by  mechanical  means  when  the  water  content 
in  percent  of  dry  weight  divided  by  the  liquid  limit  was  less  than  1.0. 

Solar  Evaporation 

Solar  evaporation  is  a  suitable  dewatering  technique  in  arid  climates  where  sufficient 
storage  is  available  to  allow  adequate  drying  times.  Wet  sediments  or  slurries  can  be 
allowed  to  dry  naturally  in  a  shallow  basin.  Solar  evaporation  will  also  enhance  the 
performance  of  sand  dr5dng  beds. 

Progressive  Trenching 

Trenches  are  dug  around  the  perimeter  of  a  containment  area,  and  in  parallel  or  radial 
patterns  throughout  the  disposal  area,  down  through  the  existing  depth  of  the  sedi¬ 
ment.  As  the  sediment  thickens,  the  trenches  are  reworked  and  deepened.  The 
principal  function  of  the  trenches  is  to  provide  good  surface  drainage  so  that  rainfall 
does  not  reinfiltrate  the  sediment,  and  to  increase  natural  evaporation  by  exposing 
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progressively  greater  surface  area  to  the  air.  Trenching  can  be  done  with  a  backhoe, 
when  a  thin  crust  (approximately  6  in.)  forms  on  the  top  surface  of  the  sediment.  This 
can  take  several  weeks  to  several  months  after  drying  begins.  The  time  involved 
would  preclude  progressive  trenching  as  an  in-basin  dewatering  technology.  Under¬ 
drainage  could  further  enhance  this  dewatering  method,  and  progressive  trenching 
could  be  useful  as  an  out-of-basin  dewatering  method. 

Wick  Drains 

Wick  drains  consist  of  rigid,  pleated  polymeric  strips  wrapped  in  a  geotextile  fabric. 
Wicks  are  placed  vertically  in  a  grid  pattern  to  promote  radial  and  vertical  drainage 
of  pore  water  upward  along  the  wicks.  A  sand  surcharge  can  be  added  to  increase  pore 
pressures  and  speed  consolidation  (Averett  et  al.  1990). 

Wick  drains  and  vertical  drainage  panels  are  not  expected  to  be  a  viable  in-basin 
dewatering  technology  for  CVWF  operations  because  the  time  required  for  consolida¬ 
tion  to  occur  is  too  long  for  efficient  operation  of  the  system.  The  volume  of  sediments 
is  so  small  as  to  be  more  efficiently  managed  by  out-of-basin  dewatering.  Wick  drains 
and  vertical  drainage  panels  may  be  viable  dewatering  devices  for  out-of-basin 
dewatering,  to  permit  reuse  of  a  single  small  containment  basin  constructed  for  the 
purpose. 

Surcharge  ioading 

Surcharge  loading  is  a  densiflcation  technique  and  is  the  practice  of  loading  coarse¬ 
grained  material  over  dredged  material  to  increase  effective  stresses  and  enhance 
drainage  of  pore  water.  The  primary  objective  of  densiflcation  techniques  is  to  reduce 
the  volume  of  the  dredged  material  and  increase  storage  capacity  of  the  disposal  area. 
Surcharge  loading  is  sometimes  used  in  conjunction  with  wick  drains.  Surcharge 
loading  is  not  considered  applicable  to  CVWF  solids  management,  particularly  since 
separation  of  coarse  (clean)  and  contaminated  (fine)  sediments  is  desired. 

Verticai  Sand  Drains 

Vertical  sand  drains  consist  of  sand  columns  placed  or  injected  into  saturated  solids. 
Vertical  sand  drains  connect  with  an  underdrainage  layer  or  intermediate  horizontal 
drainage  layer.  They  accelerate  consolidation  by  providing  a  preferential  flowpath  for 
the  drainage  layer  and  by  reducing  the  drainage  path  length  (Bishop  and  Vaughan 
1972).  Placement  may  involve  boring,  which  requires  a  minimum  bearing  capacity  of 
the  sediments.  Injection,  or  preplacement,  may  be  effective  for  very  fluid  sediments. 
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Fouling  with  fines  is  an  operational  problem,  particularly  with  high  flow  velocities. 
Smearing  of  the  drains  during  installation  and  due  to  consolidation  settlement  may 
reduce  effectiveness.  Discontinuities  in  the  sand  drains  also  reduce  effectiveness. 
Horizontal  spacing  of  vertical  drains  is  an  important  design  parameter  and  will  be  a 
determining  factor  in  the  economic  feasibility  of  the  use  of  vertical  sand  drains. 

Chemical  Additives 

Adding  chemicals  to  a  suspension  can  cause  particles  to  agglomerate  and  can  enhance 
settling  characteristics.  Coagulants  or  flocculants  could  be  added  to  the  influent  to  the 
sedimentation  basin.  The  potential  benefit  of  flocculants  depends  on  the  nature  of  the 
slurry,  the  chemical  composition  of  the  flocculent,  and  the  dosage.  Selection  of  floccu- 
lant  for  dewatering  is  determined  by  the  nature  of  the  material  to  be  dewatered  and 
the  solid-liquid  separation  method  used  (Moudgil  and  Shah  1986).  For  example,  for 
dewatering  of  clays,  a  high  density  floe  is  desirable. 

Flocculants  act  to  neutralize  charges  between  suspended  particles  (patch-charge  neu¬ 
tralization)  or  bridge  the  electrical  double  layer  of  the  particles  (bridging).  Suspended 
particles  can  also  be  pulled  out  of  solution  by  becoming  enmeshed  with  cross-linked 
pol5Tner  chains  (network  flocculation).  Materials  may  have  a  higher  water  content 
following  flocculation,  due  to  intrafloc  water,  which  is  not  readily  removed  unless  floc¬ 
culation  is  followed  by  a  filtration  process.  One  study  found  pressure  filtration 
(approximately  50  psi)  to  be  effective  (Cheng  and  Chiang  1990)  in  removing  intrafloc 
water.  Filter  cake  moisture  contents  of  approximately  0.17  kg/kg  (dry)  were  achieved. 

It  appears  that  flocculants  may  accelerate  the  sedimentation  process,  and  could  be 
expected  to  produce  a  clearer  effluent  from  the  primary  sedimentation  basins,  thereby 
reducing  solids  loading  to  the  secondary  settling  basins.  However,  with  high  solids 
content  in  the  feed  stream,  flocculation  can  inhibit  settling.  Selecting  the  flocculant 
and  determining  the  dosage  would  require  bench  scale  testing  for  the  specific  applica¬ 
tion.  It  is  unlikely  that  flocculation  will  produce  a  more  workable  sludge  than  that 
presently  obtained  in  the  primary  sedimentation  basins  by  sedimentation  alone,  and 
the  sludge  produced  may  be  more  difficult  to  dewater  due  to  trapped  intrafloc  water. 
However,  with  sufficient  land  area  available  to  further  dewater  the  sludge  by  passive 
means  (by  land  application,  or  on  sand  beds),  the  benefits  of  flocculation  to  the  effi¬ 
ciency  of  the  overall  operation  is  a  viable  consideration. 

Fiitration 

The  purpose  of  filtration  is  to  produce  a  clear  filtrate,  and/or  separate  and  capture 
solids  from  a  slurry  for  reuse,  treatment  or  disposal.  The  material  being  filtered  can 
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be  principally  liquid  with  a  low  concentration  of  suspended  solids  or,  a  sludge  or  slurry 
with  high  solids  content. 

Production  of  a  dry,  workable  solid  residual  (cake)  is  the  principal  objective  of  CVWF 
operation.  Cake  quality  varies  with  the  t5q)e  of  filter  used.  Pierson  (1990)  indicates 
driest  cakes  are  produced  by: 

•  filter  presses 

•  vacuum  filters 

•  pressure  leaf  filters 

•  centrifugal  filters 

•  spinning  leaf  filters 

•  cartridge  filters 

•  compression  filters. 

Several  characteristics  distinguish  filtration  types  (Pierson  1990,  and  Loff  1990), 
including: 

•  filtration  through  a  filter  medium  or  through  a  filter  cake, 

•  gravity,  vacuum,  pressure,  or  centrifugal  driving  force 

•  surface  or  depth  filtration. 

Depth  filtration  includes  deep  sand  filters  and  some  cartridge  filters.  Typically,  deep 
sand  filters  must  be  periodically  backwashed,  or  the  upper  layers  must  be  sacrificed 
as  they  become  occluded  with  solids.  Due  to  the  high  solids  content,  deep  sand  filters 
are  not  considered  suitable  for  dewatering  CVWF  residuals. 

Cartridge  filters  are  available  in  depth  and  surface  filtration  types,  and  offer  particle 
retention  from  0.5  to  50  microns,  depending  on  the  media.  Surface  filters  are  used 
with  feed  solids  concentrations  above  1  percent.  Depth  cartridges  cannot  be  cleaned 
to  recover  solids,  and  in  general  cartridge  filters  are  limited  in  application  to  suspen¬ 
sions  of  less  than  0.01  percent  solids  (Svarovsky  1990).  Due  to  these  limitations, 
cartridge  filters  are  considered  unsuitable  for  CVWF  residuals  dewatering. 

Blinding  (or  clogging)  is  an  operational  problem  in  filtration,  particularly  when  filter¬ 
ing  slurries  containing  fine  particles.  Blinding  can  occur  in  the  filter  cake,  or  in  the 
filter  support  or  media,  and  occurs  to  some  degree  in  all  filters.  Blinding  in  the  cake 
can  be  rectified  with  chemical  pretreatment  (flocculation)  or  varying  the  pressure  dif¬ 
ferential  (Pierson  1990).  Blinding  in  the  filter  support  can  be  addressed  by  using  a 
support  larger  than  the  smallest  fraction  to  be  filtered,  and  allowing  the  coarser 
material  to  form  a  filter  bed,  which  is  the  fundamental  principal  behind  cake  filtration. 
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Cake  filtration  requires  an  adequate  fraction  of  coarse  material  in  the  feed  stream 
from  which  to  build  a  cake.  Filtrate  is  recycled  until  a  sufficient  cake  accumulates  to 
capture  fines  and  give  an  acceptably  clear  filtrate  (or,  conversely,  an  acceptably  high 
solids  capture).  Filter  precoats  and/or  body  feeds,  using  a  filter  aid,  are  sometimes 
used  to  form  a  filter  cake.  Filter  aids  have  the  characteristics  of  permeability,  pore 
size  and  rigidity  (Smith  1990).  Diatomite,  perlite  and  cellulose  are  examples  of  filter 
aids,  and  are  used  alone  or  in  combination. 

Cake  washing  as  an  incidental  filter  function  is  an  additional  consideration,  and  may 
be  desirable  as  a  treatment  process.  Belt  filter  presses  give  a  well-washed  cake,  but 
consume  large  amounts  of  water  in  the  process.  Vacuum  filters  may  be  more  desirable 
in  performing  this  function  (Pierson  1990). 

Belt  Filter  Press.  A  belt  filter  press  uses  a  three  stage  operation: 

1.  Slurry  containing  from  1  to  40  percent  solids  is  conditioned  by  either  adding  a 
flocculant,  or  by  processing  through  a  thickening  drum  section. 

2.  Free  water  is  drained  by  gravity. 

3.  The  residual  material  is  compressed  between  a  press  belt  and  filter  belt. 

Solids  contents  of  50  to  60  percent  by  weight  were  achieved  with  river  sediments.  Belt 
filter  press  equipment  is  available  on  a  large  commercial  scale  (Averett  et  al.  1990). 

Vacuum  Filtration.  Vacuum  filters  comprise  the  majority  of  continuous  filters  pres¬ 
ently  used  in  industry  (Dahlstrom  1986).  Drum  filters  and  disc  filters  form  a  filter 
cake  against  gravity;  continuous  belt  horizontal,  horizontal  scroll,  and  tilting  pan 
filters  form  a  filter  cake  with  gravity.  Vacuum  drum  filtration  is  a  continuous  process 
in  which  a  drum  is  partially  submerged  in  a  slurry,  and  a  vacuum  is  applied  to  the 
inside  of  the  drum,  causing  flow  through  the  drum.  A  solids  cake  forms  on  the  outside 
of  the  filter  and  is  scraped  off  and  removed.  String  discharge  and  continuous  belt 
drum  filters  are  well  suited  to  filtration  of  materials  that  tend  to  blind  other  filters, 
such  as  clays  and  colloids  (Dahlstrom  1986). 

Vacuum  filtration  has  been  tested  on  dredged  material  with  an  initial  solids  content 
of  15  to  23  percent.  Filter  cakes  with  solids  content  above  43  percent  were  achieved. 
Capital  and  operating  costs  were  very  high  for  a  large-scale  operation  and  the  tech¬ 
nology  was  determined  to  be  uneconomic  for  treatment  of  dredged  material  (Averett 
et  al.  1990).  An  economic  analysis  would  be  required  to  determine  the  feasibility  for 
an  operation  on  the  scale  of  the  CVWF  facilities. 
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Chamber  Filtration.  Chamber  filtration  is  a  semicontinuous  pressure  filtration 
process  that  uses  rigid  vertical  plates  covered  with  a  filter  media.  Slurry  is  pumped 
through  the  filter  until  sufficient  cake  forms  to  restrict  flow.  Pumping  is  stopped  and 
the  filter  media  is  cleared  for  the  next  cycle.  Plate  and  frame  filtration  is  a  proven 
technology  capable  of  producing  a  filter  cake  with  sohds  concentrations  in  excess  of  50 
percent  (Averett  et  al.  1990). 

Centrifugal  Filtration.  The  principal  object  of  centrifugal  filtration  is  to  produce  dewa¬ 
tered  solids,  as  opposed  to  clear  filtrate.  Centrifugal  filters  consist  of  a  rotating  basket 
with  a  filter  medium  (Zeitsch  1990).  Surfactants  can  be  used  to  reduce  the  final 
moisture  content  of  the  solids.  Centrifugal  filters  function  with  continuous  or  batch 
operation,  depending  on  the  t3T)e  selected.  The  centrifuge  type  selected  is  based  on  the 
intrinsic  permeability  of  the  material  to  be  dewatered.  Permeabilities  below  0.02  x 
10'^®  m‘^/N*s  are  too  low  for  centrifugal  filtration,  but  may  be  suitable  for  centrifugal 
sedimentation  (see  Centrifiigation).  Permeability  above  20  x  10'^*^  m'^/N*s  is  required 
for  continuously  fed  pusher  centrifuges.  Permeabilities  between  these  two  values 
require  the  use  of  batch  fed  equipment,  such  as  three  column  and  peeler  centrifuges 
(Zeitsch  1990.  Feed  rates  and  water  content  of  filtered  solids  were  not  given  in  this 
reference). 

Cross  Flow  Filtration.  Influent  flow  is  tangential  to  the  filter  media  in  cross  flow 
filtration  (Svarovsky  1990).  The  induced  shear  along  the  filter  face  prevents  a  heavy 
buildup  of  solids  on  the  filter  media  and  subsequent  blinding.  High  filtration  rates  are 
possible.  Svarovsky  (1990)  does  not  indicate  an  optimum  feed  solids  concentration,  or 
ultimate  water  content  of  separated  solids,  but  does  indicate  that  in  some  cases  water 
contents  are  lower  than  with  conventional  pressure  filtration.  Given  the  nature  of 
most  CVWF  solids,  this  process  could  have  applicability  to  residuals  dewatering. 

Gravity  Thickening.  Gravity  thickening  is  a  variation  on  primary  settling,  in  which 
the  primary  objective  is  not  a  clarified  effluent,  but  a  thickened  underflow.  Gravity 
thickening  uses  a  specially  designed  circular  vessel  to  dissipate  influent  velocity  and 
allow  the  sludge  to  settle.  This  technology  has  not  been  applied  to  dredged  material 
slurries  (Averett  et  al.  1990),  and  would  seem  to  offer  little  advantage  as  a  follow-on 
process  to  the  primary  settling  presently  in  use  at  CVWF  facilities. 

Centrifugation.  Centrifuge  separation  uses  a  rigid  vessel  that  is  rotated  rapidly, 
producing  forces  in  excess  of  gravity,  to  enhance  and  accelerate  liquid/solid  separation. 
Centrifugal  separators  can  be  divided  into  three  categories:  centrifugal  filters,  sedi¬ 
mentation  centrifuges,  and  combined  centrifugal  filters/sedimentation  centrifuges  (Alt 
1986).  Centrifugal  filtration  is  discussed  in  the  preceding  section  on  filtration  tech¬ 
nologies. 
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Centrifugal  dewatering  is  applicable  over  a  particle  size  range  from  gravel  down  to 
roughly  10  /^,  and  has  been  demonstrated  in  municipal  sludge  dewatering  operations 
(Averett  et  al.  1990).  According  to  Alt  (1986),  centrifuges  suitable  for  fine  particle 
dewatering  include  tubular  sedimentation  centrifuges,  disc  nozzle  concentration,  and 
self-cleaning  disc  centrifuges.  These  imits  operate  in  batch,  continuous,  and  semicon- 
tinuous  modes  respectively.  Under  low  flow  conditions,  a  scroll  t5rpe  centrifuge  could 
also  be  applicable  to  the  particle  distribution  of  CVWF  residuals,  and  gives  continuous 
operation  and  discharge  (Svarovsky  1990). 

The  slurry  solids  concentration  of  CVWF  primary  sedimentation  basins  is  estimated 
to  range  from  5  to  40  percent  immediately  after  decanting  and  following  a  period  of 
evaporation,  respectively.  The  latter  value  exceeds  the  feed  values  for  centrifugal 
separators  and  would  require  dilution. 

According  to  Alt  (1986),  the  tubular  sedimentation,  and  disc  centrifuges  result  in  low 
to  moderate  residual  moisture.  Averett  et  al.  (1990)  indicates  that  solids  concentra¬ 
tions  of  15  to  40  percent  can  be  achieved  with  a  solid  bowl  centrifuge,  while  disc 
centrifuges  achieve  lower  solids  concentrations.  Scroll  type  centrifuges  give  roughly 
30  percent  moisture  content  for  100  micron  particles  at  low  solid  feed  rates  (Svarovsky 
1990).  The  maximum  solids  concentration  that  can  be  achieved  with  centrifugal 
dewatering  is  no  higher  than  can  be  obtained  by  decanting  and  evaporation.  The  chief 
advantage  of  centrifugal  separation  is  in  shorter  dewatering  times. 

Hydrocyclonss.  Slurry  is  fed  into  a  conical  vessel,  forming  a  vortex.  Coarser  materi¬ 
als  flow  out  the  underflow  outlet  while  fine  materials  are  carried  by  a  countercurrent 
out  the  overflow  outlet.  Hydrocylones  have  no  moving  parts,  and  are  available  in  a 
wide  range  of  capacities.  Fineness  of  separation  appears  to  be  proportional  to  capacity: 
smaller  capacity  hydrocyclones  achieve  finer  separation  (Averett  et  al.  1990).  Narrow 
angle  hydrocyclones  are  most  efficient  for  fine  particle  recovery,  having  a  smaller  cut 
size  than  wide  angle  cyclones.  Maximum  underflow  concentration  is  approximately 
50  to  60  percent,  and  is  a  function  of  the  materials.  This  is  achieved  by  throttling  the 
underflow  orifice  (Svarovsky  1990).  A  consequence  is  that  clarity  of  overflow  is  sacri¬ 
ficed,  since  more  material  is  subsequently  carried  out  with  the  overflow. 

Since  CVWF  washwater  is  recycled  through  the  facility,  carryover  of  fines  could  be 
addressed  by  secondary  settling  of  the  overflow  in  the  existing  secondary  settling 
basins,  possibly  with  the  addition  of  flocculants.  Presumably,  any  contamination  pre¬ 
sent  in  the  overflow  is  also  already  present  in  the  secondary  settling  basins. 

Hydrocyclones  were  evaluated  for  densifying  dredged  material  slurries  (Tiederman 
and  Reischman  1973).  The  technique  was  reasonably  successful  in  pilot  tests  for 
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classifying  solids,  separating  coarse  and  fine  fractions.  Concentration  of  low  solids 
content  clay  slurries  was  also  fairly  successful,  but  performance  was  poor  on  the 
dredge  spoil.  High  solids  content  slurries  appeared  to  inhibit  performance. 

Other  important  performance  variables  are  operating  pressure  drop  and  feed  concen¬ 
tration  (Svarovsky  1990).  Up  to  5  or  6  bars,  increasing  pressure  drop  correlates  to 
increased  separation  efficiency.  Conversely,  efficiency  of  separation  decreases  with 
increasing  feed  concentrations.  Slurries  with  a  solids  concentration  (greater  than  30 
percent),  high  specific  gravity,  or  high  clay  content  are  unsuitable  for  treatment  sepa¬ 
ration  using  hydrocyclones  (Averett  et  al.  1990). 

Vegetative  Desiccation.  Vegetation  can  significantly  diminish  soil  moisture  contents 
due  to  water  uptake  and  transpiration.  The  type  of  vegetation,  depth  of  rooting  rela¬ 
tive  to  depth  of  sediment,  and  density  will  influence  the  effectiveness  (Bartos  1977). 
Shading  due  to  excessively  dense  vegetation  could  slow  evaporation  from  the  surface 
of  the  dredged  material  and  the  presence  of  vegetation  can  present  problems  in 
subsequent  material  placement.  Vegetative  dr3dng  would  not  likely  be  compatible 
with  progressive  trenching  techniques,  but  could  be  an  effective  technology  for  slurries 
placed  in  a  permanent  or  semipermanent  containment  area.  An  additional  benefit  of 
this  dewatering  method  is  the  potential  for  metals/organics  uptake  by  the  plants. 

Thin  Lift  Piacement  Thin  lift  placement  refers  to  deposition  of  dredged  material  in 
thin  layers,  which  can  shorten  dewatering  times  significantly.  The  concept  could  be 
adapted  to  sedimentation  basins  by  cleaning  the  basins  more  frequently,  so  the  sedi¬ 
ment  deposits  are  more  shallow  and  the  flow  path  downward  through  the  material  is 
shortened.  Placement  of  a  sacrificial  drainage  layer  on  the  bottom  of  the  sedimenta¬ 
tion  basin  could  potentially  further  shorten  dewatering  times  within  the  sedimentation 
basin.  Lifts  of  0.3  m  are  considered  most  desirable  for  evaporative  drying  with  no 
intervention.  Lifts  1  m  in  depth  may  require  up  to  a  2-year  dr3dng  period  (Bartos 
1977).  Studies  of  evaporative  drying  of  dredged  material  indicate  that  the  rate  of 
evaporation  from  the  dredged  material  was  the  same  as  the  pan  evaporation  for  a 
given  locality  for  the  first  few  days  of  dr3dng.  Thereafter,  evaporation  dropped  to 
approximately  50  percent  over  a  period  of  90  days.  Table  2  summarizes  the 
dewatering  technologies  presented  here. 

Seiecting  Dewatering  Technoiogies  for  CVWF  Soiids  Management 

The  most  desirable  dewatering  technologies  for  CVWF  management  will  be  low 
maintenance,  low  cost  processes  or  process  trains  capable  of  producing  residuals  solids 
contents  high  enough  to  facilitate  handling  and  disposal  of  the  CVWF  sludge.  Percent 
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solids  by  weight  is  a  common  delimiter  for  defining  the  separation  between  fluid 
residuals  and  residuals  ranging  in  handling  characteristics  from  plastic  to  brittle.  The 
percent  solids  at  which  a  particular  residual  material  can  be  handled  by  mechanical 
means  will  depend  on  the  natxire  and  size  distribution  of  particles,  and  must  be  deter¬ 
mined  on  a  case-by-case  basis.  For  fine-grained  sediments  passing  the  200  sieve,  but 
larger  than  colloidal,  a  water  content  between  the  liquid  limit  and  approximately  1.8 
times  the  liquid  limit  of  the  material  will  define  the  upper  limit  of  a  workable  range. 
For  disposal  purposes,  regulatory  requirements  specify  what  must  be  treated  as  a  solid 
waste  or  liquid  waste  based  on  the  paint  filter  liquids  test. 

In  the  case  of  CVWF  solids  at  one  example  installation,  fine  residuals  contain  an 
estimated  30  to  40  percent  solids  following  decantation  and  a  period  of  evaporation. 
This  solids  content  is  minimally  sufficient  to  permit  handling  by  mechanical  means. 
Solids  contents  above  40  percent  would  appear  to  be  desirable  for  mechanical 
handling,  with  sludges  at  lower  solids  contents  better  handled  by  pumping  from  the 
sedimentation  basins  and  dewatering  by  follow-on  processes. 

Dewatering  technologies  applied  to  sediments  within  the  basin  must  be  effective  over 
a  relatively  short  time  interval,  to  permit  rapid  basin  cleanout  and  return  to  operation. 
Unit  processes  applied  to  sludges  pumped  from  the  basins  have  more  flexibility. 

Of  the  types  of  dewatering  technologies  available,  some  generalizations  can  be  made. 
Gravitational  classifiers  are  most  suitable  to  80  mesh  (roughly  200  microns)  and  above 
separations.  Hydroseparators  are  applicable  to  processing  large  volumes  at  100  to  200 
mesh  (150  to  75  microns)  separations  with  only  moderate  precision  requirements. 

Hydrocyclones  are  applicable  from  80  mesh  down  to  10  microns,  and  centrifuges  for 
very  fine  separations  to  below  zero  microns  (Dahlstrom  1986).  Figure  3  gives  particle 
sizes  appropriate  to  certain  types  of  separation  equipment  (Svarovsky  1990). 

The  technologies  potentially  most  suitable  to  CVWF  dewatering  are  rated  in  Table  3, 
on  a  scale  of  1  to  5,  based  on  implementability,  effectiveness,  cost,  and  time  required. 
Out-of-basin  technologies  are  ranked  highly  for  the  time  factor  based  on  the  sediments 
being  removed  quickly  from  the  basin,  rather  than  the  actual  time  to  implement  the 
technology  once  the  material  is  removed  from  the  basin. 

The  rating  procedure  favors  out-of-basin  technologies  because  of  the  time  factor. 
Simple,  in-basin  procedural  modifications  rank  highest  for  implementability  and  cost. 
Effectiveness  of  these,  and  all  procedures  considered,  would  have  to  be  tested  at  bench. 
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•From  Svarovsky  (1990). 


Figure  3.  Particle  size  as  a  guide  in  the  separation  of  solid-liquid  separation  equipment. 


Table  3.  Dewatering  technology  rating. 
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pilot,  or  field  scale,  as  appropriate.  Field  scale  testing  is  most  reliable,  and  is  econom¬ 
ically  feasible  if  expensive  equipment  is  not  required,  such  as  field  testing  of  under¬ 
drainage  layers,  body  feed  and  thin  lifts.  These  could  he  tried  by  temporary  modi¬ 
fication  of  operating  procedures  at  nominal  cost.  More  technologically  intricate  sys¬ 
tems  may  be  limited  to  bench  or  pilot  scale  testing  before  implementation. 

Comparison  of  Dewatering  Differences  Between  CDFs  and  CVWFs 

Dewatering  technologies  applied  to  dredged  material  can  provide  some  insight  into  the 
management  of  CVWF  solids.  Important  differences  between  dredged  material  man¬ 
agement  and  CVWF  solids  management  should  be  noted.  Most  significant  is  a  differ¬ 
ence  in  scale.  A  CDF  may  be  designed  to  contain  thousands  of  cubic  yards  of  dredged 
material.  Primary  CVWF  sedimentation  basins  at  Fort  Hood,  TX,  produce  approxi¬ 
mately  1000  to  1500  cubic  yards  material  per  year.  Larger  sedimentation  ponds  con¬ 
tain  more  material,  but  still  significantly  less  than  the  amount  of  dredged  material 
contained  in  a  CDF.  Operational  scale  differences  are  significant  in  that  equipment 
and  methods  used  in  dredged  material  handling  may  not  he  readily  adapted  to  CVWF 
solids  management. 

CDF  operations  serve  a  dual  function:  dredged  material  dewatering  and  long  term 
storage.  Sedimentation  basins  through  which  CVWF  washwater  flows  provide  pri¬ 
mary  or  secondary  separation  of  solids  and  water,  and  short-term  storage  incidental 
to  the  operation.  At  some  point,  operation  is  suspended  to  allow  removal  of  solids  from 
the  basins  and  disposal  elsewhere.  Operational  maintenance  varies  from  one  facility 
to  another,  and  basin  cleanout  may  or  may  not  occur  as  a  regular  maintenance  func¬ 
tion. 

Operational  objectives  of  a  CDF  are  different  from  a  CVWF  sedimentation  basin. 
Consolidation  of  dredged  material  is  desirable  from  the  standpoint  of  increasing 
available  storage  within  the  CDF.  Improving  engineering  properties  of  the  dredged 
material  for  beneficial  uses  may  also  be  an  objective  (Johnson  et  al.  1977).  Consoli¬ 
dation  of  sediment  in  a  CVWF  sedimentation  basin  is  desirable  principally  to  facilitate 
rehandling  (removal  and  disposal)  of  the  material.  Acceptable  time  frames  for  dewa¬ 
tering  and  consolidation  of  dredged  material  (months  to  years)  will  be  significantly 
longer  than  for  a  CVWF  sedimentation  basin,  where  continued  operation  depends  on 
expedient  removal  of  solids  from  the  basin. 
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5  Dewatering  Applications 


Residue  Treatment  to  Remove  Water 

Between  the  deposition  of  solids  from  vehicle  washing  in  settling  basins  and  the  ulti¬ 
mate  disposal  or  reuse  of  the  residue,  water  must  be  removed  from  the  solids.  Water 
could  be  removed  by  a  variety  of  techniques  and  at  a  variety  of  locations  in  CVWF 
residue  management  systems.  Solids  could  be  removed  from  sedimentation  basins  in 
liquid  suspension  and  then  dewatered  for  subsequent  disposal  or  reuse,  or  they  could 
be  dewatered  in  situ  in  drained  settling  tanks  before  being  removed.  These  two 
general  categories  of  water  removing  techniques  are  considered  in  the  sections  that 
follow;  many  variations  exist  within  each  category. 

Because  of  geographical  variations  in  the  physical  properties  of  vehicle  washing 
residues,  no  single  scheme  for  removing  water  is  optimal  at  all  CVWFs.  In  situ  dewa¬ 
tering  (such  as  is  currently  attempted  in  existing  CVWF  sedimentation  tanks)  is  the 
preferred  option  because  of  its  simplicity.  It  is  expected  that  in  situ  dewatering  will 
be  the  method  of  choice  at  installations  where  residues  are  granular  and  drain  readily. 
Removal  of  residues  from  sedimentation  basins  in  liquid  suspension  may  be  necessary 
at  installations  where  residues  are  comprised  of  comparatively  fine-grained,  imperme¬ 
able  solids  unless  methods  for  improving  in  situ  dewatering  performance  can  be 
developed.  An  advantage  of  removing  sediments  as  a  slurry  is  that  settling  basins 
would  not  be  out  of  service  for  long  periods  for  solids  removal.  Also,  the  buildup  of 
dissolved  solids  in  recycled  vehicle  washwater  would  be  reduced  because  more 
dissolved  solids  would  be  removed  with  the  water  accompanying  residues,  but  more 
makeup  water  would  be  needed. 


Removal  of  Residues  in  Liquid  Suspension 

Removal  of  residues  in  liquid  suspension  refers  to  systems  at  which  solids  settled  from 
vehicle  washing  wastewater  are  removed  from  sedimentation  basins  as  a  slurry. 
Removing  water  to  prepare  the  residual  material  for  ultimate  disposal  or  reuse  would 
occur  outside  of  the  sedimentation  tank. 
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Two  different  modes  of  sedimentation  tank  design  and  operation  could  accommodate 
removal  of  residues  in  liquid  suspension.  One  approach  would  be  to  use  wastewater 
sedimentation  basins  equipped  with  mechanisms  for  continuous  or  semicontinuous 
removal  of  settled  solids  in  liquid  suspension.  An  alternative  approach  would  be  to  use 
dredges  in  sedimentation  basins  for  periodic  removal  of  sediment.  Dredges  would  be 
the  method  of  choice  for  retrofitting  existing  sedimentation  basins  to  allow  removal  of 
residues  in  liquid  suspension,  and  they  could  be  a  reasonable  choice  for  new  sedimen¬ 
tation  basins  as  well. 

After  residues  are  removed  from  sedimentation  basins  in  liquid  suspension,  a  variety 
of  techniques  could  be  used  to  remove  water  so  as  to  permit  reuse  or  ultimate  disposal. 
Three  possibilities,  (1)  use  of  separate  thickening  and  dewatering,  (2)  use  of  combined 
thickening  and  dewatering,  and  (3)  use  of  combined  water  removal  and  disposal  or 
reuse  facilities,  are  considered  here.  Numerous  possible  design  and  operational  vari¬ 
ations  exist  within  each  of  the  three  categories. 

It  is  unclear  from  what  is  currently  known  about  the  dewatering  properties  of  vehicle 
washing  residues  whether  aids  to  dewatering  such  as  electro-osmosis  or  chemical 
conditioning  are  warranted.  If  it  proves  desirable  to  use  such  techniques,  they  will 
find  application  with  difficult-to-dewater  residues  such  as  those  that  would  be  removed 
from  settling  basins  in  liquid  suspension  (dewatering  aids  would  not  be  needed  for 
granular  residues  that  could  be  dewatered  readily  in  situ).  Dewatering  aids  such  as 
chemical  conditioning  or  electro-osmosis  could  be  used  in  conjimction  with  any  of  the 
three  techniques  for  handling  slurries  considered  in  this  section.  Such  techniques 
could  enhance  the  extent  and  rate  of  dewatering,  but  they  would  appreciably  increase 
the  complexity  and  cost  of  residue  management. 


Separate  Thickening  and  Dewatering 

Figure  4  illustrates  a  process  flow  diagram  for  a  CVWF  with  separate  thickening  and 
dewatering  of  vehicle  washing  solids  before  ultimate  disposal  or  reuse.  Similar  process 
flow  diagrams  are  common  in  municipal  and  industrial  wastewater  treatment  systems, 
and  they  also  find  application  in  the  mineral  processing  industry. 

Thickening  would  eliminate  water  that  readily  could  be  removed  from  residues. 
Thickeners  would  receive  a  comparatively  dilute  slurry  such  as  would  be  produced  by 
dredging  or  desludging  a  settling  tank  using  mechanical  sludge  removal  equipment 
and  discharge  a  concentrated  suspension  from  which  additional  water  could  be 
removed  by  dewatering  processes  (see  Chapter  4).  Although  a  goal  of  dredging  or 
sedimentation  tank  desludging  would  be  to  minimize  removal  of  excess  water,  water 
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Figure  4.  Process  flow  diagram  for  removing  residues  in  iiquid  suspension  and  providing  separate 
thickening  and  dewatering. 
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in  excess  of  that  ordinarily  fed  to  dewatering  processes  should  be  expected.  The  major 
purpose  of  the  thickening  process  would  be  to  safeguard  the  dewatering  process  from 
excess  water.  Likely  thickening  processes  would  be  gravity  thickeners  (separate 
sedimentation  tanks  dedicated  to  producing  a  concentrated  slurry),  belt  thickeners 
(moving  permeable  belts  through  which  water  from  the  sediments  would  drain),  and 
thickening  ponds. 


Conventional  mechanical  dewatering  equipment  (such  as  belt  filter  presses  or 
centrifuges)  might  not  be  well  adapted  to  vehicle  washing  residues;  gross  solids  such 
as  cobbles  could  interfere  with  their  normal  function.  Simple,  but  long-term, 
dewatering  techniques  such  as  drainage  and  dr3dng  beds  and  dewatering  lagoons 
probably  would  be  better  suited  to  vehicle  washing  residues.  In  such  facilities,  slurry 
would  be  applied  in  shallow  lifts  to  facilitate  drainage  and  evaporation.  Conceivably, 
drying  could  be  facilitated  by  periodic  scarification.  It  is  likely  that  dried  solids  would 
crack  and  thus  maintain  high  hydraulic  conductivity  so  that  multiple  layers  could  be 
dewatered  and  dried  before  the  facility  was  excavated  and  the  solids  conveyed  to  the 
site  of  ultimate  disposal  or  reuse.  Providing  multiple  dewatering  cells  would  allow 
simultaneous  loading,  dewatering  and  drying,  and  excavation  of  different  cells. 
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Combined  Thickening  and  Dewatering 

It  is  appropriate  that  facilities  for  handling  residues  removed  from  settling  tanks  using 
mechanical  desludging  equipment  or  dredges  be  designed  to  accommodate  excess  free 
water.  Because  mechanical  dewatering  equipment  may  be  inappropriate  for  applica¬ 
tion  to  vehicle  washing  residues,  dewatering  of  the  residues  probably  would  take  place 
in  long-term,  simple  devices  such  as  dewatering  and  drying  beds  or  dewatering 
lagoons.  Such  processes  might  be  amenable  to  design  and  operational  modifications 
to  allow  excess  free  water  to  be  removed  before  conventional  dewatering.  This  modi¬ 
fication  would  eliminate  the  need  for  a  separate  thickener. 

Design  modifications  to  adapt  the  simple,  long-term  dewatering  facilities  discussed  in 
the  preceding  section  to  a  dilute  feed  include  provisions  for  adequate  sidewall  height 
and  addition  of  supernatant  liquid  overflow  facilities  with  adjustable  elevation. 
Operation  would  involve  adding  slurry  from  the  washwater  sedimentation  tank, 
allowing  time  for  redeposition  of  solids,  decanting  of  supernatant  liquid,  draining  and 
drying  the  solids,  and  removing  solids  for  ultimate  disposal  or  reuse.  As  with 
dewatering  facilities  for  thickened  solids,  multiple  additions  of  slurry  probably  would 
be  possible  if  previously  deposited  solids  were  allowed  to  thoroughly  dewater  and  dry 
before  incremental  slurry  addition,  and  operational  flexibility  would  be  enhanced  by 
providing  multiple  cells. 


Combined  Water  Removal  and  Disposal/Reuse 

It  may  be  possible  to  remove  water  from  slurried  residue  at  the  point  of  ultimate 
disposal  or  reuse.  In  such  a  scheme,  solids  would  remain  in  place  following  water 
removal.  Water  removal  facilities  for  this  residue  management  option  could  be  similar 
to  dewatering  facilities  in  the  other  two  options  for  managing  residues  withdrawn  from 
sedimentation  tanks  as  slurries.  Beds  or  lagoons  for  draining  and  drying  residues 
would  remain  in  place  and  be  reshaped,  as  necessary,  after  the  terminal  slurry 
application  was  dewatered. 

Advantage  might  be  gained,  however,  by  adopting  techniques  for  dewatering  and 
disposing  waste  slurries  in  the  dredging  and  mining  industries.  Essentially,  the 
technique  involves  incremental  construction  of  dikes  (using  the  slurry,  if  it  is  suitable) 
and  impoundment  of  slurry  in  a  manner  promoting  water  removal. 

If  residues  are  removed  from  settling  basins  in  liquid  suspension,  the  choice  between 
the  method  discussed  in  this  section  and  the  other  two  possible  options  (separate 
thickening  and  dewatering  or  combined  thickening  and  dewatering)  likely  would  be 
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based  on  the  proximity  of  the  ultimate  disposal  or  reuse  site  to  the  CVWF.  If  the 
disposal  or  reuse  site  is  near  the  CVWF,  pipeline  transport  of  the  slurry  could  be 
attractive.  The  logistics  and  expense  of  pipeline  installation  might  mitigate  against 
the  combined  water  removal  and  disposal/reuse  option  when  the  disposal/reuse  site  is 
remote  from  the  CVWF.  For  distant  disposal  or  reuse  sites,  it  would  be  preferable  to 
remove  water  at  the  CVWF  and  transport  dewatered  solids  to  the  point  of  disposal  or 
reuse.  Also,  if  multiple  disposal  or  reuse  sites  are  used  or  if  frequent  changes  are 
made  in  ultimate  disposal  or  reuse  sites,  pipeline  construction  and  transport  probably 
would  not  be  attractive.  Use  of  one  of  the  options  involving  slurry  dewatering  before 
transport  to  the  point  of  disposal  or  reuse  would  allow  flexibility  in  selecting  the  site. 


Dewatering  of  Residues  in  Sedimentation  Basins 

The  alternative  to  removing  residues  from  sedimentation  basins  in  liquid  suspension 
as  considered  in  the  preceding  pages  is  to  dewater  them  within  wastewater  sedimenta¬ 
tion  basins.  This  in  situ  design  and  operation  is  used  at  a  majority  of  existing  CVWFs. 

At  existing  CVWFs,  sedimentation  tanks  are  drained  periodically,  and  sediments  are 
allowed  to  dewater  before  being  removed  for  disposal.  At  some  installations,  a  longitu¬ 
dinal  drain  is  placed  near  the  bottom  along  one  side  of  the  sedimentation  basin  to 
facilitate  water  removal.  Ramps  are  provided  at  one  end  of  the  sedimentation  basin 
to  allow  vehicles  (front-end  loaders  and  dump  trucks)  to  enter  the  basins  to  excavate 
and  remove  dewatered  solids. 

In  situ  dewatering  provides  adequately  dewatered  residues  at  some,  but  not  all.  Army 
installations.  At  installations  where  dewatering  is  inadequate,  residues  are  “soupy,” 
difficult  to  pick  up  and  transport  with  equipment  intended  for  handling  solids. 

Sediment  analyses  conducted  to  date  are  insufficient  to  offer  a  generalized  characteri¬ 
zation  of  residues  that  dewater  well  in  drained  sedimentation  hasins.  However,  it  can 
be  speculated  that  given  equivalent  sedimentation  tank  design,  coarse,  granular, 
highly-permeable  residues  will  dewater  well,  and  comparatively  impermeable  sedi¬ 
ments  comprised  of  fine  particles  will  not. 

A  key  uncertainty  in  planning  for  operation  of  existing  CVWFs  and  design  of  new 
CVWFs  is  how  fine-grained  sediments  can  best  be  dewatered.  Can  the  design  and 
operation  of  sedimentation  basins  be  altered  to  give  effective  dewatering  of  all  or  most 
vehicle  washing  residues?  If  so,  in  situ  dewatering  would  be  a  very  attractive  option 
at  those  installations.  If  not,  techniques  for  removing  residues  from  sedimentation 
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tanks  in  liquid  suspension  for  subsequent  dewatering  would  be  the  best  solution  at 
some  installations. 

Dick  (1991)  reports  qualitative  observation  of  dewatering  at  one  installation  suggests 
that  the  degree  of  dewatering  is  limited  by  limitations  in  removing  water  from  the 
bottom  of  the  basin,  not  by  unfavorable  sediment  properties.  Free  water  remained  in 
the  lower  portion  of  the  sediment  and  when  workers  attempted  to  lift  the  sediment, 
dewatered  solids,  undewatered  solids,  and  free  water  blended  to  form  a  difficult-to- 
handle  slurry. 

Design  changes  to  facilitate  removal  of  water  warrant  attention.  It  should  be  possible 
to  withdraw  water  at  the  elevation  of  the  tank  floor,  and  withdrawal  points  should  be 
so  numerous  that  the  maximiim  distance  water  passes  through  sediments  approaches 
the  sediment  depth. 

Ideally,  when  the  transformation  from  sedimentation  basin  to  in  situ  dewatering 
device  is  made,  the  tank  floor  should  be  changed  from  impermeable  to  permeable. 
Practical  means  for  approaching  this  ideal  include  use  of  a  permeable  false  floor  locat¬ 
ed  4  in.  above  the  tank  bottom;  such  permeable  false  floors  capable  of  supporting  light 
vehicles  are  available  commercially  for  use  in  drying  beds.  Retention  of  fine  particles 
could  be  difficult  with  a  false  floor.  An  alternative  approach  would  be  to  place  a  layer 
of  granular  material  over  underdrains  on  the  sedimentation  tank  bottom.  Means  for 
avoiding  disruption  of  the  granular  material  when  sediment  was  removed  would  need 
to  be  developed.  One  possibility  is  to  place  granular  material  between  closely-spaced 
curbs  that  would  support  vehicles  and  prevent  excavation  below  their  surface. 
Geotextiles  might  be  applied  in  design  of  the  tank  bottom,  but  care  would  be  needed 
to  avoid  damage  by  vehicles  and  clogging  could  be  a  concern. 

It  should  be  possible  to  drain  sedimentation  basins  to  the  elevation  of  the  top  of  the 
sediment  before  opening  the  tank  bottom  drainage  system.  This  would  speed  the  tank¬ 
cleaning  process  because  most  water  would  not  pass  through  the  sediments.  Drainage 
of  the  entire  tank  contents  through  the  sediments  would  maximize  the  compressive 
force  on  sediments  (thereby  reducing  their  volume),  but  the  resulting  consolidation 
might  lead  to  intolerably  low  sediment  permeability. 

Facilitated  gravity  drainage  as  considered  in  preceding  paragraphs  would  be  the 
simplest  means  of  improving  in  situ  dewatering  of  vehicle  washing  residues  within 
sedimentation  basins.  If  more  rapid  or  more  complete  water  removal  is  needed,  addi- 
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tional  aids  to  dewatering  could  be  used.  Illustration  of  additional  techniques  include 
the  following: 

•  Apply  a  partial  vacuum  to  the  underdrainage  system  to  increase  the  pressure 
differential  across  the  dewatering  cake. 

•  Add  weight  to  the  top  of  the  dewatered  sediment  to  increase  solid  phase  consolida¬ 
tion. 

•  Create  drainageways  by  inserting  sand  lenses  or  geotextiles  within  dewatering 
residues. 

•  Insert  movable  drainage  surfaces,  for  example  facilitated  granular  soil  dewatering, 
by  inserting  a  movable  slotted  pipe  fitted  with  a  vibrator  and  an  air  lift  for 
removing  water,. 

•  Mix  chemical  conditioning  agents  with  sediment. 

•  Implant  electrodes  in  the  tank  bottom,  and  create  electro-osmotic  dewatering  con¬ 
ditions  in  the  sediment. 

•  Make  use  of  natural  freeze-thaw  conditioning  where  the  climate  is  appropriate. 

•  Mix  solidif5dng  agents  with  the  sediment. 

Most  of  the  techniques  in  the  list  add  undesired  complexity  and  cost  to  vehicle  residue 
management.  If  simple,  facilitated,  in  situ  drainage  proves  to  be  inadequate,  the  listed 
techniques  represent  potential  alternatives  to  systems  involving  removal  of  residues 
in  slurry  form. 
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6  Particle  Separation  and  Classification 


Overview 


Separation  of  coarse  and  fine  fractions  of  sediment  can  minimize  the  volume  of  sedi¬ 
ment  requiring  treatment  for  contaminants.  Contaminants  are  principally  associated 
with  fine  sediment  particles.  The  natural  distribution  of  sediments  within  the  sedi¬ 
mentation  basin  facilitates  the  use  of  separate  removal,  treatment,  and  disposal 
technologies. 

Distribution  of  particles  within  sedimentation  basins  typically  results  in  a  concentra¬ 
tion  of  coarse  particles  near  the  inlet  of  the  structure,  with  fine  particles  settling  out 
more  slowly  and  depositing  near  the  outlet.  Some  small  and  colloidal  particles  are 
carried  over  in  the  effluent  and  need  secondary  settling  or  other  treatment.  Both 
secondary  settling  and  sand  bed  filtration  followed  by  secondary  settling  are  in  use  at 
some  locations;  others  rely  on  secondary  settling  alone.  Secondary  settling  basins  will 
contain  primarily  fine  sediments. 

Particle  size  analysis  of  sediments  from  primary  sedimentation  basins  at  several 
military  facilities  indicate  a  particle  size  distribution  that  ranges  from  6.5  mm  to  less 
than  0.0002  mm.  Some  fine  particles  will  inevitably  be  trapped  within  the  coarse 
sediment  deposit,  and  some  coarse  particles  will  be  carried  over  into  the  fine  sedi¬ 
ments.  Particle  separation  beyond  what  can  be  achieved  in  sedimentation  basins 
becomes  important  when  significant  contaminant  concentrations  show  up  in  the  coarse 
materials  due  to  the  amoimt  of  entrapped  fines,  or  when  a  particular  treatment  tech¬ 
nology  requires  further  particle  classification. 


Particle  Classification  Technologies 

Particle  classification  technologies  suitable  for  application  to  contaminated  dredged 
material  included  (Averett  et  al.  1990): 

•  flotation 

•  grizzlies 

•  hydraulic  classifiers 
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•  hydrocyclones 

•  impoundment  basins 

•  screening 

-  moving  screens 

-  stationary  screens 

•  shaking  table 

•  spiral  classifiers. 

Impoundment  basins  are  equivalent  to  the  CVWF  sedimentation  basins  currently  in 
use.  Impoimdment  basins,  hydraulic  classifiers,  and  hydrocyclones  have  been  demon¬ 
strated  on  dredged  material.  The  other  technologies  listed  were  evaluated  in  bench 
and  pilot  scale  tests  for  potential  application  to  treatment  of  contaminated  dredged 
material,  based  on  technology  effectiveness,  implementability  and  cost. 

Flotation 

Flotation  is  a  process  in  which  fine  particles  are  removed  from  suspension  by  attach¬ 
ment  to  air  bubbles  generated  by  rotary  blades  in  a  flotation  device.  The  resulting 
froth  is  carried  out  in  the  overflow.  Suspended  particles  are  chemically  conditioned 
to  cause  them  to  be  air-avid  and  water-repellent  (Averett  et  al.  1990). 

Flotation  has  been  applied  in  a  number  of  commercial  industries,  including  various 
mining  operations.  Suitability  to  separation  of  CVWF  sediments  would  require  labora¬ 
tory  evaluation.  Particles  finer  than  roughly  50  to  65  mesh  potentially  can  be  removed 
by  this  process.  Conceptually,  treatment  of  a  sludge  would  require  agitation  to  sepa¬ 
rate  and  suspend  the  fine  particles  followed  by,  or  simultaneously  with,  the  flotation 
process. 

Grizzlies 

Grizzlies  are  used  for  large  particle  separation  and  are  composed  of  parallel  bars 
mounted  in  frames  1  to  5  in.  apart.  Units  may  be  vibrating  or  fixed,  and  can  be 
arranged  in  series  to  achieve  progressive  separations  (Averett  et  al.  1990). 

The  typical  distance  between  the  bars  (1  to  5  in.)  is  too  coarse  to  be  of  practical  use  for 
CVWF  particle  classification.  However,  an  adaptation  of  this  technology  potentially 
could  be  applied  to  capture  ordnance  in  CVWF  influent. 
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Hydraulic  Classifiers 

Hydraulic  classifiers  are  most  effective  for  classification  of  particles  in  the  range  of  fine 
gravel  to  fine  sand.  They  can  be  used  in  conjunction  with  spiral  classifiers  or  hydro¬ 
cyclones  to  remove  finer  particles,  particularly  particles  smaller  than  200  mesh 
(Averett  et  al.  1990).  Upflow  columns  are  hydraulic  classifiers  that  effectively  remove 
fines  from  coarser  materials  before  other  imit  processes  to  further  concentrate  the 
contaminated  materials. 

Hydrocyclones 

Hydrocylone  operation  was  described  more  fully  under  dewatering  technologies,  but 
it  is  principally  a  classification  technology  since  loss  of  some  fine  solids  is  inherent  in 
the  operation.  Flocculation  cannot  be  used  to  increase  recovery  due  to  the  high  shear 
forces  present  during  operation.  The  “cut”  that  can  be  achieved  in  classification  ranges 
from  roughly  2  to  400  microns,  with  smaller  cut  size  associated  with  narrow  angle 
cyclones  and  larger  cut  size  with  wide  angle  cyclones.  The  cut  for  a  wide  angle  hydro¬ 
cyclone  would  be  sufficient  to  separate  coarse  CVWF  residuals  from  fines  for  further 
treatment  and  disposal.  Maximum  underflow  concentration  is  45  to  60  percent  by 
volume  (Svarovsky  1990). 

Hydrocyclones  in  parallel  permit  more  efficient,  smaller  units  to  handle  high  flows; 
units  in  series  increase  overall  recoveries.  In  general,  hydrocyclones  have  low  capital 
and  operational  costs,  and  are  small  in  size  relative  to  other  separation  equipment. 

Screening 

Screening  serves  an  extensive  dewatering  function  in  the  mineral  industry  for 
materials  ranging  from  0.1  to  1.0  mm  (100  to  1000  microns).  CVWF  fines  generally 
are  smaller  than  this  (75  microns  and  below),  so  screening  would  be  applicable 
principally  for  separation  of  coarse  and  fine  fractions  of  residuals  to  facilitate  treat¬ 
ment.  However,  dewatering  of  the  coarse  fractions  could  occur  incidentally  to  the 
classification  process.  This  could  be  useful  if  separating  fines  from  a  sacrificial  sand 
bed  or  coarse  body  feed  if  these  technologies  were  used  to  enhance  in-basin  dewatering 
of  fines. 

Moving  Screens.  Vibrating  screens  are  most  commonly  used  and  can  be  arranged  in 
series  for  progressively  finer  screening  (Averett  et  al.  1990).  Screening  is  best  smted 
for  dry  or  slurried  materials.  Vibrating  screens  are  most  commonly  used  to  separate 
material  ranging  from  1/8  to  6  in.  High  speed  vibrating  screens  are  available  for 
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separating  material  ranging  from  4  to  325  mesh.  Abrasion  and  blinding  of  screens  are 
operating  problems. 

Stationary  Screens.  Wedge-bar  screens  and  hydrosieves  are  stationary  screens  used 
to  achieved  particle  separation  by  the  tangential  movement  of  slurry  across  the  screen 
face.  Wedge-bar  screens  do  not  remove  all  fines  from  the  coarser  material  and  would 
not  be  suitable  for  this  application.  Hydrosieves  use  pressurized  water  spray,  which 
breaks  up  clumps,  keeps  the  screen  clear,  and  removes  fine-grained  material  (Averett 
et  al.  1990).  Sieve  bends,  a  type  of  hydrosieve,  have  a  capacity  of  8  to  10  m%r  for 
minus  0.5  mm  coal  slurry  at  30  to  50  percent  solids  by  weight.  Stationary  screens  are 
sometimes  used  before  moving  screens  to  increase  overall  efficiency. 

Shaking  Tabie 

Shaking  tables  are  comprised  of  a  distribution  box  at  one  end  of  a  sloping,  channeled 
surface  that  is  mechanically  shaken  to  achieve  particle  separation  as  a  slurry  flows 
across  the  table  (Averett  et  al.  1990). 

Spirai  Ciassifiers 

Spiral  classifiers  use  a  continuously  rotating  screw  to  wash,  dewater,  and  classify  sand 
and  gravels  with  diameters  up  to  3/8  in.  Spiral  classifiers  can  be  paired  with  hydraulic 
classifiers  to  separate  fine-grained  materials.  Units  are  designed  to  be  mobile,  typi¬ 
cally  require  only  simple  maintenance,  and  have  capacities  of  up  to  950  tons/hour 
(Averett  et  al.  1990). 


Classification  Technologies  (Soiid/Solid  Separation) 

A  disadvantage  of  hydraulic  classification  technologies  is  that  they  may  require  the 
introduction  of  additional  water  to  achieve  particle  separation.  Fines  hydraulically 
separated  from  coarse  materials  must  then  undergo  further  dewatering  in  addition  to 
treatment  for  contaminants. 

Final  selection  of  a  classification  technology  would  be  made  based  on  the  cut  size 
required,  as  indicated  by  contaminant  distribution  among  particle  sizes  and  treatment 
technology  operating  parameters,  flow  rate  and  volume  to  be  treated,  and  relative  cost 
of  those  technologies  that  meet  these  performance  requirements. 
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CVWF  Sedimentation  Design  Alternative 

The  use  of  physical  straining  processes  is  common  at  wastewater  treatment  plants  as 
a  pretreatment/primary  treatment  alternative.  Based  on  the  ability  to  classify  solids, 
such  application  may  be  beneficial  at  a  CVWF  to  allow  for  separation  of  the  easily 
dewatered  large  particles.  One  suggested  screening  application  is  to  use  a  modified 
hydrosieve  design  at  the  influent  of  the  sedimentation  basin. 

The  unit  will  operate  by  gravity  and  will  essentially  function  as  a  drainage  board.  The 
screen  itself  will  be  made  of  wedge  wire  construction,  with  the  opening  running  trans¬ 
verse  to  the  applied  flow;  the  screen  wires  are  triangular  in  cross  section.  Spacing 
between  the  wedge  wires  will  be  defined  by  the  coarseness  of  the  particle  size  desired 
for  removal. 

As  shown  in  Figure  5,  the  screens  may  consist  of  up  to  three  sections  with  successively 
flatter  slopes.  At  the  steeper  portions  of  the  screen,  water  will  be  readily  removed  and 
little  clogging  will  occur,  while  the  flatter  portion  allows  for  additional  dewatering  of 
the  solids.  Pilot  testing  is  needed  to  define  the  optimal  angles  of  the  screens  to 
maximum  solids  content  with  minimal  clogging.  Although  different  inlet  designs  are 
possible,  the  suggested  alternative  for  CVWF  solids  is  introduction  of  the  wastestream 
above  the  screening  unit.  This  may  result  in  the  added  cleaning  of  the  screens  and 
breaking  of  larger  clumps  so  that  they  may  be  better  classified  from  the  fines.  Distri¬ 
bution  of  the  influent  over  the  structure  will  be  accomplished  at  existing  facilities  by 
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Figure  5,  Hydrosieve  design. 
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extending  the  influent  pipe  and  putting  a  tee  at  the  end  to  laterally  distribute  the 
water  over  the  screening  unit.  Because  these  larger  solids  to  be  captured  by  the 
hydrosieve  are  known  to  rapidly  dewater,  their  removal  will  still  be  accomplished  by 
using  an  endloader. 

There  are  three  possibilities  for  removal  of  the  fine  solids  after  the  first  hydrosieve. 
First,  a  second  hydrosieve  unit  with  reduced  wire  openings  could  be  installed.  This 
would  involve  placing  a  sump  and  pumping  unit  to  bring  the  water  above  the  next 
screening  device.  Second,  the  remainder  of  the  sedimentation  basin  could  be  again 
used  for  conventional  sedimentation.  Finally,  the  remainder  of  the  basin  could  be 
retrofitted  into  a  simple  wedge  wire  clarifier  (Figure  6).  All  of  these  alternatives  will 
use  a  sludge  pump  to  remove  the  small  solids,  which  will  require  subsequent  dewater¬ 
ing  outside  of  the  basin.  Sand  drying  or  reed  beds  could  be  used  for  this  purpose. 


Sludge  Pump 


Figure  6.  Basin  retrofit  with  wedge  wire  ciarifier. 


USACERL  TR  96/59 


51 


7  Treatment  of  Contaminants 


Overview 

The  specific  contaminants  found  in  CVWF  solid  residuals  will  vary  according  to  the 
management  practices  of  the  facility.  Petroleum  hydrocarbons,  heavy  metals,  oil  and 
grease  and  some  ordnance  have  been  found  in  some  of  these  sediments.  The  type  and 
level  of  contamination  will  determine  whether  or  not  the  material  is  hazardous  and 
what  treatment  or  disposal  technologies  will  be  required.  Without  information  on 
specific  compounds  present,  the  form,  and  the  concentration,  specific  treatment  recom¬ 
mendations  are  difficult  to  make.  A  discussion  of  potentially  applicable  technologies 
for  petroleiun  hydrocarbons,  heavy  metal,  and  oil  and  grease  contamination  in  CVWF 
solid  residuals  follows. 

Currently,  it  is  not  clear  that  treatment  of  CVWF  solids  or  residuals  is  necessary  to 
accommodate  ultimate  disposal  or  reuse.  Available  data  indicate  neither  a  general 
requirement  for  treatment  of  oils  and  greases  or  other  organics  in  sediment  nor  the 
amount  of  reduction  that  could  take  place  given  a  strong  source  control  program. 
Metals  concentrations  are  currently  well  below  that  permitted  in  agricultural  applica¬ 
tion  to  lands. 

Treatment  processes  for  contaminated  CVWF  solids  may  potentially  generate  solid, 
liquid,  and  vapor  waste  streams.  Assuming  the  coarse -sediments  are  clean  from  a 
regulatory  standpoint,  treatment  could  be  confined  to  the  fine  sediments.  Table  4 
summarizes  treatment  technologies  applicable  to  the  three  primary  classes  of  contami¬ 
nants  found  in  CVWFs. 

Costs  for  the  treatment  technologies  described  are  reported  to  range  from  $50  to 
$1350/cubic  yard.  Biological  treatment  is  generally  the  lowest  cost  alternative, 
followed  by  solidification/stabilization.  Incineration  is  the  most  expensive  technology. 
The  remainder  of  the  technologies  fall  roughly  within  a  range  of  $110  to  600/cubic 
yard.  Treatment  costs  remain  one  of  the  most  difficult  parameters  to  predict  in  a 
remediation  effort,  and  depend  on  a  number  of  variables,  including:  characteristics  of 
the  sediment,  quantity  of  waste  processed,  nature  and  concentration  of  contaminants, 
location  of  the  site,  and  available  disposal  edtematives  for  waste  streams  generated  by 
the  process.  Other  site-specific  factors  may  also  influence  costs. 


Table  4.  Treatment  technologies  for  CVWF  Sediments. 
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Some  of  the  treatment  technologies  listed  in  Table  4  have  not  been  demonstrated  at 
full  scale  on  contaminated  sediments,  but  have  been  documented  as  effective  for  other 
applications  in  bench  and  pilot  scale  trials.  Because  many  contaminated  sediment 
treatment  processes  are  emerging  technologies,  bench  or  pilot  testing  for  site-specific 
conditions  is  requisite  to  technology  selection. 


Petroleum  Hydrocarbons 

Treatment  processes  applicable  to  petroleum  hydrocarbon  contaminated  sediments 
include  biodegradation,  volatilization,  land  application,  oxidation,  extraction,  and 
incineration. 

Volatilization  is  the  release  of  volatile  contaminants  from  the  soil  by  exposure  to  air, 
or  by  thermal  treatment  and  capture  of  the  offgases.  Land  application  involves 
spreading  the  contaminated  sediment  on  the  ground,  where  volatile  contaminants  will 
be  released  to  the  air  and  other  organics  are  changed  by  microbes  contained  in  the  soil. 
Oxidation  is  the  chemical  transformation  of  contaminants  by  the  addition  of  an  oxidiz¬ 
ing  agent.  Oxidation  is  well  suited  to  low  concentrations  of  contaminants,  since  oxi¬ 
dants  are  nonspecific.  Process  control  is  critical  to  achieving  complete  oxidation,  and 
intermediate  compounds  can  form  which  are  more  mobile  or  more  toxic  than  the 
parent  compounds.  Oxidation  is  reported  to  have  limited  application  to  slurries  or 
sludges  (Averett  et  al.  1990  citing  Kiang  and  Metry  1982).  Extraction  involves 
removing  contaminants  from  sediment  by  the  incorporation  of  a  solvent.  Contami¬ 
nants  associated  with  solid  particles  are  dissolved  into  the  solvent  and  removed  from 
the  soil  by  suitable  dewatering  technologies.  Some  solvents  present  environmental 
hazards  and  residuals  in  the  sediment  may  be  a  problem,  with  fine  materials  in  par¬ 
ticular,  where  dewatering  is  difficult  to  achieve.  Incineration  is  the  destruction  of 
compounds  by  high  thermal  inputs.  Metals  and  incompletely  burned  contaminants 
can  be  carried  out  in  the  offgases.  Incineration  may  not  be  effective  for  materials  with 
high  water  content. 

Oxidation,  extraction,  and  incineration  require  chemical  and  energy  inputs  and 
probably  would  not  be  justified  when  satisfactory  treatment  can  be  achieved  with  less 
aggressive  technologies.  Land  treatment  is  considered  to  be  a  viable  alternative  for 
CVWF  sediments,  subject  to  applicable  regulatory  limitations. 
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Heavy  Metals 

Extraction,  acid  leaching,  and  solidification/stabilization  are  technologies  applicable 
to  treatment  for  metals  contamination.  Acid  leaching  is  similar  to  extraction.  Acid  is 
used  to  solubilize  metals.  The  solids  are  then  separated  from  the  metals-containing 
extract.  The  sediment  may  require  an  additional  washing  step,  and  the  contaminated 
liquid  waste  stream  must  also  be  treated  to  precipitate  the  metals.  The  concentrated 
metals-containing  sludge  must  be  disposed  of  as  hazardous  waste.  Acid  leaching  is 
listed  as  an  emerging  technology  in  the  SITE  Demonstration  Program  (sponsored  by 
the  USEPA)  as  of  November  1992,  and  has  not  been  demonstrated  at  full  scale  on  soil 
or  sediments.  Solidification/stabilization  uses  chemical  pretreatment  to  stabilize 
leachable  metals,  and  incorporates  solidifying  materials,  such  as  cement  or  fly  ash, 
and  setting  agents  to  produce  a  solid  matrix  with  high  structural  integrity.  Properly 
solidified  and  stabilized  wastes  can  be  disposed  of  in  conventional  landfills,  potentially 
reducing  disposal  costs,  although  the  overall  volume  of  waste  is  increased. 


Oil  and  Grease 

Oil  and  grease  contamination  are  not  specifically  addressed  in  treatment  technology 
summaries.  Oil  and  grease  are  organics  and  should  be  amenable  to  treatments  for 
other  organic  contaminants  provided  concentrations  are  not  high  enough  to  inhibit  the 
treatment  process.  Bench  or  pilot  scale  testing  would  be  required  to  determine  effec¬ 
tiveness  for  oil  and  grease  removal  for  certain  treatment  processes. 


Biological  Treatment 

Biological  treatment  of  CVWF  residuals  beyond  direct  land  application  is  not  often  a 
component  of  current  operations.  The  reason  for  this  is  that  land  application  is  often 
an  appropriate  and  generally  cost  effective  disposal  method  in  cases  where  state  and 
Federal  regulation  allow.  However,  installation  environmental  coordinators,  CVWF 
managers,  and  CVWF  operators  should  remain  aware  that  the  changing  nature  of  the 
material  deposited  and  the  transient  regulatory  environment  requires  continued 
assessment  of  treatment  technology.  If  CVWF  residuals  are  assessed  as  special  or 
hazardous  waste,  as  may  happen  in  the  future,  or  if  current  operations  are  inadequate, 
then  biological  treatment  beyond  direct  land  application  has  special  value. 

Bioremediation  as  it  relates  to  the  common  contaminants  found  in  residuals  from 
CVWF  may  be  defined  as  biological  processes,  which  through  degradation,  adsorption, 
or  detoxification  reduce  a  risk  to  hiunan  health  or  the  environment  posed  by  particular 
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contaminants.  Given  the  nature  of  CVWF  residuals,  the  contaminants  of  particular 
concern  are  polycyclic  aromatic  compounds  associated  with  fuels  and  solvents.  The 
scientific  literature  indicates  that  these  organic  compounds  are  amenable  to  biological 
degradation.  As  early  as  the  late  1970’s,  it  was  reported  that  biodegradation  occurred 
when  petroleum  products  entered  the  environment  (Atlas  1977,  Bartha  and  Atlas 
1997,  Colwell  and  Walker,  1977).  However,  chemical  structure  greatly  influences 
biodegradability  (Atlas,  1975),  and  the  rate  of  degradation  is  dependent  on  the  number 

i 

of  alkanes,  isoalkanes,  cycloaromatics,  and  aromatics  (Blumer  and  Sass  1972).  In 
soils,  degradation  rates  were  lowered  by  reduced  temperature  and  nutrient  availability 
(Hahn  and  Loehr  1992).  Consequently,  it  is  reasonable  to  approach  bioremediation  of 
organic  contaminated  CVWF  residuals  with  some  confidence. 

Developing  a  biological  treatment  process  for  CVWF  residuals  generally  will  require 
a  four  step  approach,  including  a  thorough  characterization  of  the  residual,  confirma¬ 
tion  of  treatability,  design  of  a  treatment  scheme,  and  implementation.  While  this 
approach  is  almost  intuitive  for  the  environmental  engineer,  the  need  for  full  charac¬ 
terization  and  confirmation  of  treatability  cannot  be  underestimated. 

CVWF  residual  characterization  must  be  broad.  Beside  a  determination  of  the  con¬ 
taminant  level,  essential  items  of  information  will  include  total  volumes,  structure, 
bulk  density,  native  soil  pH,  clay  content,  clay  type,  cation  exchange  capacity,  and 
organic  matter  content.  A  determination  should  be  made  regarding  the  time  of  year 
the  treatment  train  will  operate  and  the  associated  geographic  location.  Following 
characterization,  treatability  confirmation  is  required. 

At  first  glance,  there  would  appear  to  be  many  approaches  to  bioremediation;  however, 
three  broad  categories  encompass  most  of  the  bioremediation  processes  appropriate 
to  CVWF  residual  treatment.  These  three  approaches  are  land  application,  in-vessel 
treatment,  and  composting. 

Land  application  is  the  application  of  degradable  contaminant  to  the  surface  or  injec¬ 
tion  of  degradable  organic  contaminants  into  the  soil.  To  be  effective,  the  contaminant 
organic  material  will  be  degraded  by  native  microbial  bacteria  given  the  availability 
of  appropriate  nutrients.  Favorable  economics  are  a  principle  advantage  to  land  appli¬ 
cation;  however,  there  are  some  drawbacks.  These  drawbacks  include  a  lack  of  system 
control  and  a  risk  of  irrevocable  effect. 

In-vessel  systems  biodegrade  the  contaminant  in  some  type  of  tank  or  vessel.  In  the 
case  of  CVWF  residuals,  a  slurry  could  be  made  of  the  contaminated  material  and 
nutrients  would  be  applied  within  an  agitated  or  aerated  tank.  In-vessel  systems  have 
an  advantage  in  that  system  control  is  high.  For  example,  seunples  can  be  taken 
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during  system  operation  to  ensure  system  performance,  nutrients  can  be  metered 
directly  into  the  treatment  system,  and  operating  parameters  can  be  changed  to  effect 
an  operational  change.  Drawbacks  to  in-vessel  systems  include  comparatively  higb 
capital  costs  and  the  requirement  that  operators  be  well  trained. 

The  final  system  approach,  composting,  may  hold  promise  for  CVWF  residual  manage¬ 
ment.  Composting  is  an  adiabatic  and  aerobic  process  where  microorganisms  convert 
organic  compounds  into  stabilized  materials  within  a  solid  organic  matrix  system. 
Unique  to  compost  operations  is  their  exothermic  nature.  This  attribute  has  been  used 
by  the  municipal  wastewater  treatment  industry  for  15  years  as  a  dewatering 
technique,  and  dewatering  of  residues  is  a  major  need  in  CVWF  operations.  Further, 
there  remains  the  bioremediation  aspect  of  the  composting. 

During  the  past  two  decades,  composting  has  become  an  increasingly  important 
process  in  environmental  cleanup.  Until  the  past  10  years,  composting  was  considered 
primarily  a  municipal  sludge  dewatering  and  treatment  method.  Presently,  compost¬ 
ing  is  becoming  a  leading  bioremediation  technology.  The  reasons  for  the  change  is 
that  compost  operations  allow  more  system  control  than  direct  land  application  and 
capital  costs  generally  are  comparable  with  in-vessel  costs,  but  the  finished  product, 
cured  compost,  often  is  a  more  desirable  end  product.  Drawbacks  remain,  however. 
Due  to  its  active  biological  nature,  composting  may  require  more  attention  on  the  part 
of  the  operator  than  direct  land  application,  and  system  control  is  not  as  direct  as  with 
in-vessel  systems. 

Specific  literature  cites  that  indicate  the  applicability  of  composting  to  residuals  and 
soils  contaminated  with  hydrocarbons  are  widespread  (Snell  Environment  Group  1982, 
Yusuf  1991,  and  Adenuga  et  al.  1992).  Composting  as  a  vehicle  for  biodegradation  of 
oils  containing  waste  solvents  has  been  reported  in  Europe  (Szabo  et  al.  1988). 


Disposal  Without  Treatment 

Disposal  alternatives  for  contaminated  CVWF  solid  residuals  will  be  dictated  by  tbe 
type  and  level  of  contamination  present  in  the  sediments.  Typically  two  alternatives 
exist: 

•  landfilling  of  nonhazardous  sediments 

•  disposal  in  a  hazardous  waste  facility. 

Contaminated  dredge  sediments  are  managed  by  placement  in  a  permanent  storage 
facility.  This  alternative  applied  to  CVWF  solid  residuals  would  likely  be  viewed  as 
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operation  of  a  hazardous  waste  landfill,  from  a  regulatory  standpoint,  and  would  be 
subject  to  all  applicable  statutes. 

Beneficial  use  (such  as  daily  cover  material  at  landfills,  fill  material,  or  as  material  to 
restore  eroded  land)  is  an  additional  disposal  alternative  for  uncontaminated  CVWF 
solids.  In  some  cases,  contaminated  sediments  may  be  suitable  for  beneficial  uses,  if 
permitted  by  regulations  and  no  significant  adverse  environmental  effect  could  be 
expected. 
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8  Summary  and  Recommendations 


Solid  Residuals  Management 

The  principal  concerns  with  respect  to  solid  residuals  management  are: 

•  improved  in-basin  dewatering  procedures,  or  alternatives 

•  systematic  approach  to  testing,  treatment,  and  disposal  requirements  and  technol¬ 
ogies  for  CVWF  residuals. 

A  summary  of  best  available  alternatives  and  recommendations  follows. 

Dewatering 

A  number  of  suitable  technologies  could  be  applied  to  dewatering  CVWF  residuals.  In¬ 
basin  technologies  are  desirable  because  they  eliminate  one  handling  step  and  are 
inherently  passive  in  nature.  Operating  limitations  however,  particularly  the  amount 
of  time  required  for  effective  residuals  dewatering,  will  determine  the  feasibility  of  in¬ 
basin  dewatering.  Dewatering  outside  the  basin  may  provide  the  highest  overall 
system  efficiency.  The  best  dewatering  alternatives  are  one  or  a  combination  of  the 
following: 

•  Improve  surface  drainage  so  the  water  level  can  be  quickly  brought  down  to  the 
level  of  deposited  sediment,  without  carryover  of  fluid  mud  (see  Design  Modifica¬ 
tions  later  in  this  chapter). 

•  Clean  sedimentation  basins  more  fi*equently,  so  sediment  deposits  are  more  shal¬ 
low,  resulting  in  a  shorter  drainage  path.  The  rate  of  consolidation  occurs  as  the 
inverse  of  the  square  of  the  distance  of  the  drainage  path.  Cutting  sediment  depth 
by  1/2  would  theoretically  decrease  consolidation  time  to  1/4  of  present  levels.  The 
same  effect  could  be  achieved  by  adding  horizontal  drainage  paths,  such  as 
permeable  baffles  (sand  berms)  within  the  basin.  Vertical  drEiinage  panels  of  poly¬ 
propylene  could  be  tried  for  in-basin  drainage  to  see  if  dewatering  time  would  be 
sufficiently  reduced  to  use  the  method  in-basin. 

•  Use  a  sand  or  gravel  underdrainage  layer  within  the  basin. 

•  Remove  sludge  from  the  basin  with  sludge  pumps  and  process  it  with  the  best 
available  dewatering  technology  for  sediment  characteristics  and  site  conditions. 
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In  this  case,  sand  beds  would  be  the  preferred  alternative  because  they  are 
economical  and  technically  adequate. 

Testing 

A  systematic  testing  approach  that  is  in  compliance  with  state  and  Federal  regulations 
should  be  implemented  to  guide  installation  environmental  coordinators  toward  con¬ 
tinued  appropriate  treatment  and  disposal  options. 

Physico-Chemical  Treatment 

Biological.  Continued  land  application  (or  land  farming)  is  appropriate  where  regula¬ 
tion  and  operational  stability  allow.  Composting  should  be  examined  as  a  method  of 
hydrocarbon  degradation  where  appropriate.  Composting  should  be  examined  as  a 
method  for  CVWF  dewatering,  especially  at  installations  with  sanitary  treatment 
works.  Although  the  regulatory  climate  is  dynamic,  stabilized  biosolids  from  the 
sanitary  treatment  works  might  potentially  be  used  as  an  amendment  in  a  compost 
dewatering  system. 

Solidification/Stabilization.  Solidification/stabilization  has  traditionally  been  the 
least-cost  treatment  alternative  that  has  demonstrated  application  to  heavy  metals. 
For  CVWF  solids  containing  heavy  metals  above  regulatory  levels,  the  cost  of  solidifi¬ 
cation/stabilization  and  landfilling  of  stabilized  waste  should  be  compared  to  the 
overall  cost  and  effectiveness  of  the  other  treatment  technologies  available,  and  subse¬ 
quent  disposal  requirements  of  those  technologies.  The  least-cost  alternative  meeting 
regulatory  requirements  is  expected  to  be  the  most  desirable. 

Additional  Comments/Recommendations 

Laboratory,  pilot,  or  field  testing  may  be  necessary  to  determine  which  alternative  or 
combination  of  alternatives  is  most  feasible,  and  to  select  appropriate  technologies. 
The  presence  of  contaminants  in  the  residuals  will  influence  the  suitability  of  certain 
of  the  alternatives,  such  as  land  application.  Residuals  containing  imacceptable  levels 
of  contamination  will  have  associated  leachate  and  effluent  waste  streams  that  must 
also  be  addressed.  Federal  and  state  regulations  will  determine  these  requirements. 
Availability  of  space  is  another  determining  factor  in  technology  selection,  particularly 
for  land  spreading  and  sand  bed  drying.  It  is  recommended  that  operational  changes 
be  investigated  for  effectiveness  before  technologies  requiring  changes  to  the  physical 
plant  are  evaluated. 
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Operational  Procedures 

It  is  recommended  that  operational  procedures  be  standardized  to  establish  routine 
evaluation  of  sediments  consistent  with  regulatory  requirements  and  to  provide  for 
regular  maintenance  and  cleaning  of  sedimentation  basins.  All  systems  should  be 
maintained  in  working  order.  Provision  for  disposal  of  waste  oil  at  the  wash  racks  is 
needed  to  prevent  illicit  disposal  in  the  washwater  and  subsequent  contamination  of 
sedimentation  basin  sediments. 

The  following  operational  modifications  should  be  considered  and  evaluated,  in  this 
order: 

•  more  frequent  cleaning  of  primary  sedimentation  basins 

•  improvements  to  in-basin  drainage  by  addition  of  sacrificial  underdrainage  layer 

•  intermittent  removal  of  wet  residuals  into  a  residue  management  basin  or  sand 
drying  beds. 

Design  Modifications 

Following  a  site  visit  to  one  Army  installation,  operational  problems  were  noticed. 
(These  comments  are  based  only  on  the  trip  to  that  site).  At  this  location,  improve¬ 
ment  to  surface  drainage  would  facilitate  dewatering.  Three  alternatives  should  be 
considered; 

•  replace  sluice  gate  with  an  adjustable  weir 

•  install  adjustable  standpipes 

•  modify  trough  containing  perforated  pipe  and  gravel  drainage  bed  to  minimize 
occlusion  and  provide  surface  drainage  rather  than  bottom  drainage. 

The  flow  characteristics  of  the  primary  sedimentation  basins  could  be  optimized  to 
overcome  the  short-circuiting  presently  worsened  by  the  moimding  of  coarse  sediments 
in  front  of  the  inlet.  Distribution  of  the  influent  in  parallel  troughs,  while  maintaining 
sufficient  flow  velocity  to  prevent  occlusion  of  the  troughs,  would  provide  better 
distribution  of  the  flow  and  sediment  deposits.  Where  adequate  secondary  settling  is 
provided  however,  this  is  not  considered  a  critical  issue.  The  short  circuiting  seen  in 
the  secondary  settling  basins  should  be  addressed  by  relocating  the  outlet  further  from 
the  inlet,  or  by  installing  baffles  to  impose  a  longer  fluid  flowpath. 
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Testing  and  Evaluation 

Field,  bench,  or  pilot  scale  testing  of  selected  technologies  is  recommended  on  a  site-by- 
site  basis.  Priority  for  testing  and  evaluation  should  be  established  as  follows: 

I.  In-basin  alternatives 

•  operational  modifications 

•  in-basin  dewatering  technologies 

•  system  design  modifications 

II.  Out-of-basin  alternatives 

•  sludge  transfer  mechanisms  (pumps) 

•  out-of-basin  dewatering  technologies 

III.  Contaminant  Treatment/Stabilization 

•  site  specific  testing  of  treatment  systems/stabilization  methods  for  contaminants 
of  concern. 
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Appendix  A:  Overview  of  Sediment  Dredging 
Practice  Reguiations 


The  following  overview  of  regulatory  requirements  related  to  dredged  and  fill  material 
was  taken  from  USACE/EPA  (1992). 

Regulation  of  dredged  material  disposal  within  waters  of  the  United  States  and  ocean 
waters  is  a  complex  issue  and  is  a  shared  responsibility  of  the  EPA  and  USAGE.  The 
primary  Federal  environmental  statute  governing  the  discharge  of  dredged  or  fill 
material  into  waters  of  the  United  States  (inland  of  and  including  the  territorial  sea) 
is  the  Federal  Water  Pollution  Control  Act  Amendments  of  1972,  also  called  the  Clean 
Water  Act  (CWA).  All  proposed  dredged  material  disposal  activities  regulated  by  the 
MPRSA  and  CWA  must  also  comply  with  the  applicable  requirements  of  National 
Environmental  Policy  Act  (NEPA)  and  its  implementing  regulations.  In  addition  to 
MPRSA,  CWA,  and  NEPA,  a  number  of  other  Federal  laws,  and  Executive  orders  must 
be  considered  in  evaluation  of  dredging  projects. 

Since  CVWFs  are  all  located  inland  and  any  disposal  of  materials  from  the  facilities 
would  be  inland,  the  CWA  requirements  would  be  of  major  interest. 


Overview  of  CWA 

Section  404  of  the  CWA  requires  the  USEPA,  in  conjunction  with  the  USAGE,  to 
promulgate  Guidelines*  for  the  discharge  of  dredged  or  fill  material  to  ensure  that  such 
proposed  discharge  will  not  result  in  unacceptable  adverse  environmental  impacts  to 
waters  of  the  United  States.  Section  404  assigns  to  the  USAGE  the  responsibility  for 
authorizing  all  such  proposed  discharges,  and  requires  application  of  the  Guidelines 
in  assessing  the  environmental  acceptability  of  the  proposed  action.  Under  the 
Guidelines,  USAGE  is  also  required  to  examine  practicable  alternatives  to  the 
proposed  discharge,  including  alternatives  to  disposal  in  waters  of  the  United  States 
and  alternatives  with  potentially  less  damaging  consequences.  The  USAGE  and  the 
USEPA  also  have  authority  under  Section  230.80  to  identify,  in  advance,  sites  that  are 
either  suitable  or  unsuitable  for  the  discharge  of  dredged  or  fill  material  in  waters  of 


In  this  report,  Guidelines  (capitalized)  refers  to  the  CWA  Section  404(b)(1)  Guidelines. 
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the  United  States.  EPA  is  responsible  for  general  environmental  oversight  under 
Section  404  and,  pursuant  to  Section  404(c),  retains  permit  veto  authority.  In 
addition,  Section  401  provides  the  States  a  certification  role  as  to  project  compliance 
with  applicable  State  water  quality  standards. 


Overview  of  NEPA 

Dredged  material  disposal  activities  must  comply  with  the  applicable  NEPA  require¬ 
ments  regarding  identification  and  evaluation  of  alternatives.  The  basic  NEPA  process 
discussed  in  this  framework  is  that  specifically  associated  with  the  dredging  project 
(as  opposed  to  other  related  actions  such  as  ocean-site  designation,  which  may  require 
an  entirely  separate  NEPA  process). 

Section  102(2)  of  NEPA  requires  the  examination  of  reasonable*  alternatives  to  the 
action  proposed  by  the  lead  agency.  The  alternatives  analyzed  in  an  Environmental 
Assessment  (EA)  or  Environmental  Impact  Statement  (EIS)  must  include  not  only  all 
reasonable  alternatives  but  also  those  that  were  eliminated  from  further  study  (Part 
1502.14)  by  the  agency  responsible  for  the  final  decision.  The  NEPA  document  must 
rigorously  address  reasonable  alternatives  that  are  beyond  the  capability  of  the  appli¬ 
cant  or  project  proponent  or  are  beyond  the  jurisdiction  of  the  lead  agency.  The 
Council  on  Environmental  Quality  (CEQ)  regulations  for  implementing  the  procedural 
provisions  of  NEPA  are  found  in  40  CFR  1500-1508. 

For  USAGE  dredging  projects,  USAGE  is  responsible  under  NEPA  for  developing 
alternatives  for  the  discharge  of  dredged  material,  including  all  facets  of  the  dredging 
and  discharge  operation,  such  as  cost,  technical  feasibility,  and  overall  environmental 
protection.  The  USAGE  regulations  provide  that  the  preferred  alternative  must  be  the 
least  costly  plan  that  is  consistent  with  environmental  statutes,  as  set  forth  in  the 
National  Economic  Development  (NED)  Plan  for  new  work  projects  (ER  1105-2-100) 
or  as  the  Federal  Standard  for  required  maintenance  dredging  of  existing  projects 
(33  CFR  335-338).  Compliance  with  the  environmental  Criteria  of  the  MPRSA  and/or 
with  the  CWA  Section  404(b)(1)  Guidelines  is  a  controlling  factor  used  by  USAGE  in 
determining  the  environmental  acceptability  of  disposal  alternatives. 

Both  the  MPRSA  and  CWA  specify  similar  approaches  in  evaluating  potential  environ¬ 
mental  impacts  of  dredged  material  discharged  in  ocean  waters  or  waters  of  the  United 


*  The  terms  practicable  (CWA),  feasible  (MPRSA),  and  reasonable  (NEPA)  all  have  specific  regulatory  meaning. 
However,  in  this  document,  the  term  reasonable  is  used  generically  and  not  in  a  strict  reguiatory  sense. 
Reasonable  is  herein  defined  as  practical  or  feasible  from  the  technical  and  economic  standpoint  and  using 
common  sense,  rather  than  simply  desirable  from  the  standpoint  of  the  project  proponent  or  applicant. 
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States,  respectively.  In  many  regards,  these  same  evaluations  provide  essential  input 
in  meeting  overall  NEPA  requirements.  However,  procedural  implementation  of  the 
three  environmental  statutes  has  evolved  more  or  less  separately  over  time,  and 
substantial  inconsistencies  have,  in  turn,  developed  particularly  in  the  alternatives 
evaluations  required  by  these  environmental  statutes.  For  example,  while  NEPA, 
CWA,  and  MPRSA  all  require  both  a  detsuled  evaluation  of  alternatives  to  the 
proposed  action  and  preparation  of  appropriate  NEPA  documentation,  present  guid¬ 
ance  does  not  provide  clear  technical  and/or  procedural  guidance  for  how  such  evalua¬ 
tions  are  to  be  undertaken. 
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Appendix  B:  Summary  of  Cleanup  Standards 
for  Hydrocarbon  Contaminated  Soil 


Reprinted  from:  Tamlyn  Oliver,  Paul  Kostecki,  and  Edward  Calabrese,  “State 
Summary  of  Soil  and  Groundwater  Cleanup  Standards,”  Soils  and  Groundwater 
Cleanup  (November  1995),  pp  16-52,  with  permission  of  Group  III  Communications, 
10229  E.  Independence  Ave.,  Independence,  MO  64053. 


Summary  of  Alabama  Cleanup  Standards  for  Hydrocarbon  Contaminated  SoH 


Product 

Parameter/ 

Constituent 

Lab  Test  Protocol 
&  Number 

Detection 

Level 

Notification 

Level 

Action 

Level 

Cleanup  Level 

Gasoline 

TPH 

EPA  Method  9071 

* 

any  amount 

100  ppm 

100  ppm=^=^ 

Standard  Method  5520 

* 

any  amount 

100  ppm 

100  ppm** 

EPA  Method  418.1 

sit 

any  amount 

1 00  ppm 

100  ppm** 

Diesel 

TPH 

EPA  Method  9071 

any  amount 

100  ppm 

100  ppm** 

Standard  Method  5520 

any  amount 

100  ppm 

100  ppm** 

EPA  Method  418.1 

any  amount 

100  ppm 

100  ppm** 

Waste  Oil 

TPH 

EPA  Method  9071 

any  amount 

100  ppm 

100  ppm** 

EPA  Method  4 1 8.1. 5520 

* 

any  amount 

100  ppm 

100  ppm** 

Lead 

EPA  Method  239.2, 

any  amount 

site  specific 

site  specific 

7420,  7421 

*  Dictated  by  Method 

**  Risk  Assessment  may  be  used  to  allow  for  a  higher  level. 

Note:  The  ADEM  (Alabama  Department  of  Environmental  Management)  is  currently  developing  a  risk-b 
program.  Cleanup  levels  can  vary  from  the  above  listed  values  when  a  risk-based  evaluation  is  made  whit 
support  alternate  corrective  action  levels 


:  Dorothy  Malaier.  Alabama  Department  of 
Environmental  Management  334-270-5613 


Product 

Gasoline 


Summary  of  Alaska  Cleanup  Standards  for  HydrocarboivContanr^^ 


Waste  Oil 


Note;  Changes  in  methodology  anticipated  in  1996 


Parameter/ 

Constituent 

Lab  Test  Protocol 
&  Number 

Detection 

Level 

Notification 

Level 

Action 

Level 

Cleanup  Level 

Gasoline  Range  Petro. 
Hydrocarbons  C6-Cio 

EPA  Method  8015M 

1  mg/kg 

any  amount 

Site  Specific 
50-1000  ppm 

Site  Specific/50-1000ppm 

BTEX 

EPA  Method  8020 

0.05  mg/kg 

any  amount 

Site  Specific 
lO-IOOppm 

Site  Specific/lO-lOOppm 

Benzene 

EPA  Method  8020 

0.05  mg/kg 

any  amount 

Site  Specific 
.l'.5ppm 

Site  Specific/0.  l-.5ppm 

Diesel  Range  Petro. 
Hydrocarbons  Cio-Czs 

EPA  .Method  8100M 

10  mg/kg 

any  amount 

Site  Specific 
100-2000ppm 

Site  Specific/100-2000ppm 

All  of  the  Above  and  _ 

TPHOC09) 

EPA  Method  4 18.1 

25  mg/kg 

any  amount 

2000  ppm 

iUUU  ppm 

Contact:  Cynthia  Pring-Ham.  Alaska  Department  of 
Environmental  Conservation  907-465-5200 
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Summary  of  Arizona  Cleanup  Standards  for  Hydrocarbon  Contaminated  Soil  I 

Product 

Parameter/ 

Constituent 

Lab  Test  Protocol 
&  Number 

Detection 

Level 

Notification 

Level 

Action 

Level 

Cleanup  Level 

Gasoline 

TPH 

ADHS  Method  BLS-1 81 

lab 

any  amount 

X>N.D. 

X<  1  OOppm  but  ri.sk 

dependent 

assessment  option  exists 

Benzene 

EPA  Method  8020 

lab 

any  amount 

X>N.D. 

X<0.13ppm  but  ri.sk 

dependent 

asses.sment  option  exists 

Toluene 

EPA  Method  8020 

lab 

any  amount 

X>N.D. 

X<200ppm  but  risk 

dependent 

assessment  option  exists 

Ethylbenzene 

EPA  Method  8020 

lab 

any  amount 

X>N.D. 

X<68ppm  but  risk 

dependent 

assessment  option  exists 

Xvlenes 

EPA  Method  8020 

lab 

any  amount 

X>N.D. 

X<44ppm  but  risk 

dependent 

assessment  option  exists 

Kerosene 

Identical  w  ith  a}]  the  above  gasoline  categories. 

Diesel 

TPH  onh 

ADHS  Method  BLS-1 81 

lab 

any  amount 

X>N.D. 

X<]  OOppm  but  risk 

dependent 

assessment  option  exists 

Jet  Fuel 

Identical  to  all  the  above  Gasoline  categories. 

Heavy  Oil 

Identical  ic  Diesel  above. 

Solvents 

TPH 

ADHS  Method  BLS-1 81 

lab 

any  amount 

X>N.D. 

X<1  OOppm  but  risk 

dependent 

assessment  option  exists 

VOCs 

EPA  Method  8010*"^* 

lab  dep. 

any  amount 

X>N.D. 

BTEX:  Identical  to  BTEX  for  gasoline  above. 

Waste  Oil 

TPH 

ADHS  Method  BLS-1 81 

lab 

any  amount 

X>N.D. 

X<1  OOppm  but  risk 

dependent 

assessment  option  exi.sts 

BTEX  Not  Required 

VOCs 

EPA  Method  8010 

lab  dep. 

any  amount 

X>N.D. 

N.D,:  Non  Detect,  ADHS:  Arizona  Depanment  of  Health  Services.  MCL:  Ma.ximum  Contaminant  Level.  Contact:  Sean  Mckenzie,  Arizona  Department  of 

***  All  target  compounds  in  addition  to  BTEX  analyzed  by  these  test  methods  must  be  reported.  The  first  round  of  water  Environmental  Quality  602-628-6708 

sample.s  from  a  newly  completed  well  must  be  analyzed  using  EPA  Test  Method  502.2.  Subsequent  samples  may  he 
analyzed  using  502. 1  or  503. 1  upon  .ADEQ  approval. 

****  Refer  to  most  recent  ADHS.  HBGLs  and/or  MCL  for  information  on  specific  compounds  not  given  under  AWQS 
Note:  The  current  summary  standards  are  subject  to  change.  ADEQ  is  in  the  process  of  revising  guidelines  to  implement 
the  ASTM  RBCA  standard. 


Summary  of  Arkansas  Cleanup  Standards  for  Hydrocarbon  Contaminated  Soil  | 

1  Product 

Parameter/ 

Lab  Test  Protocol 

Detection  Notification 

Action 

Cleanup  Level 

Constituent 

&  Number 

Level  Level 

Level 

G 

asoline 

BTEX^ 

8020,  8240/8260 

Site  Specific'^’^^'^' 

D 

eisel 

PAH'S 

8100,  8310.  8250/8270 

Site  Specific*^^^ 

Wast 

e/Used  Oil 

PAH'S** 

8100,  8310,  8250/8270 

Site  Specific^^^^' 

*  Analysis  for  gasoline  additi\‘es  must  be  performed  where  possible  or  suspected,  (total  lead.  MTBE,  Contact:  James  Atchley.  Arkansas  Depanment  of 

Ethanol/Methanol,  EDB,  etc.)  Pollution  Control  &  Ecology  501-562-6533 

**  VOC  scan  may  be  required  v.here  contamination  by  chlorinated  or  other  solvents  is  possible  or 
suspected.  TCLP  for  metals  may  be  required  at  the  discretion  of  the  case  manager. 

***  Clean-up  requirements  will  be  site-specific,  after  consideration  of  risk  according  to  the  ASTM  or 
other  accepted  risk  assessment  protocol. 
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Summary  of  California  Cleanup  Standards  for  Hydrocarbon  Contaminated  Soil 


Product 

Parameter/ 

Constituent 

Lab  Test  Protocol 
&  Number 

Detection 

Level 

Notification 

Level 

Action  Cleanup  Level 

Level 

Gasoline 

TPH 

DHS  Recommended 

any  amount 

Site  Specific 

^^^'^Benzene 

EPA  Method  8020 

5ppb 

any  amount 

NA  to  Ippm 

Site  Specific 

'^Toluene 

EPA  Method  8020 

5ppb 

any  amount 

NA  to  50ppm 

Site  Specific 

*-^*Ethylbenzene 

EPA  Method  8020 

any  amount 

NA  to  50ppm 

Site  Specific 

^Xylene 

EPA  Method  8020 

I5ppb 

any  amount 

NA  to  50ppm 

Site  Specific 

HVOs 

EPA  Method  8010 

Jic 

any  amount 

Site  Specific 

Site  Specific 

Diesel 

TPH 

DHS  Recommended 

lOppm 

any  amount 

100  to  lO.OOOppm 

Site  Specific 

Diesel 

TRPH 

EPA  Method  41 8.1 

* 

Site  Specific 

I _ BTEX  same  as  Gasoline  above. - -  - - - - - - - - -  - .  . . _ 

*  Test  specific.  There  are  three  action  levels  associated  w/  TPH  &  BTEX  for  .sites  which  fall  into  categories  low,  medium  and  high.  Contact;  Paul  Johnston,  California 

***  If  BTEX  levels  ai‘e  detectable,  even  though  TPH  concentration  is  below  lOppm  gas  or  lOOppm  Diesel  proceed  from  site  investigation  to  State  Water  Resources, 

the  general  risk  appraisal.  Note:  California  does  not  ha\  e  state  standard  cleanup  levels.  Values  shown  are  recommended  action  levels  from  the  Central  Board  9 1 6-'’^7-4337 

LUFF  manual.  Cleanup  levels  are  site  specific.  California  has  9  Regional  Boards  throughout  the  state  and  104  local  agencie.s.  Tlie  jurisdiction  or 
regional  water  quality  board  enforces  site  specific  cleanup  levels  for  the  regional  basins,  plans  drinking  water  standards,  detection  levels,  etc. 

Notification  is  required  for  all  unauthorized  releases  unless  the  operator  is  able  to  clean  up  the  release  within  eight  hours,  it  did  not  escape  from  a 
secondary  contaminant,  does  not  increase  hazard  of  fire  or  explosion  and  did  not  detenorate  secondary  containment  of  UST. 

Note:  Report  an\'  amount  w  hich  escapes  secondary  containment,  or  from  primary  containment  if  no  secondary  containment  exists,  increases  the 
hazard  of  fire  or  explosion  or  causes  deterioration  of  secondary'  containment. 


Summary  of  Delaware  Cleanup  Standards  for  Hydrocarbon  Contaminated  Soil 


Product 

Parameter/ 

Lab  Test  Protocol 

Detection 

Notification 

Action 

Cleanup  Level* 

Constituent 

&  Number 

Level 

Level 

Level* 

Gasoline 

TPH 

Mod  8015,  Mod  418.1 

40  mg/kg 

any  amount 

100  ppm 

Site  Specific 

EPA  Method  9071 

generally<100 

APHA  Methods  5520E/ 
5520C,  503B,  503E 

40  mg/kg 

any  amount 

Same  As  Above 

TPH 

California  Method 

GC-FD 

10  mg/kg 

any  amount 

Same  As  Above 

BTEX 

EPA  Method  3010/8020, 

1  mg/kg 

any  amount 

BTEX>10ppm 

Site  Specific 

5030/8020 

B>lppm 

generally<10  BTEX,  1  B 

EPA  Method  3810,  8240, 

8240  purge  &  trap,  Mod  602 

1  mg/kg 

any  amount 

Diesel 

TPH 

as  above 

as  above 

any  amount 

1000  ppm 

Site  Specific 
generally<1000 

Waste  Oil 

BTEX 

as  above 

as  above 

any  amount 

BTEX>10ppm 

Site  Specific 

B>lppm 

generally<10  BTEX,  1  B 

TPH 

as  above 

as  above 

any  amount 

1000  ppm 

Site  Specific 

_ _ _ g€nerally<  1  OOOppm 

Class  B  Site.  Note:  Class  A  sites — more  sensitive,  more  stringent.  Class  B  sice.s — average  sensitivity.  Class  C  Contact:  Patricia  Ellis,  Ph.D.,  Delaware  Depanment  of  Natural 

sites — less  sensitive,  less  stringent.  Sites  are  rated  by  the  DE  DNREC  as  either  A.  B,  or  C.  Factors  influencing  Resources  &  Environmental  Control  302-323-4588 

ratings  include  well  locations,  groundwater  depth,  residential,  commercial  or  industrial  settings,  etc. 


Summary  of  Florida  Cleanup  Standards  for  Hydrocarbon  Contaminated  Soil 

Product 

Parameter/ 

Constituent 

Lab  Test  Protocol 
&  Number 

Detection  Notification 
Level  Level 

Action  Cleanup  Level 

Level 

Gasoline 

Organic  Vapor 
Analysis 

OVA  with  Flame 
Ionization 

lOppm 

>500  ppm"^  VOA<100ppb*'‘' 
TRPH<I0ppnr^=^ 

Diesel 

Organic  Vapor 
Analysis 

OVA  with  Flume 
Ionization  Detector 

lOppm 

>50ppm'^  VOA<100ppb''"^ 

TRPH<10ppnf'==^ 

Soils  with  TPH  readings  greater  than  500ppm  for  50ppm  for  Diesel)  require  remediation.  Soils  with  vapor  readings  Contact:  Thomas  Conrardy,  Florida  Department  of 
from  10-500  ppm  may  require  cleanup  depending  on  site  factors.  *  Soil  cleanup  criteria  for  thermal  treatment.  Environmental  Protection  904-488-0190 
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Summary  of  Georgia  Cleanup  Standards  for  Hydrocarbon  Contaminated  Soil* 

Product 

Parameter/ 

Lab  Test  Protocol 

Detection 

Notification 

Action 

Cleanup  Level* 

Constituent 

&  Number 

Level 

Level 

Level 

Gasoline 

Benzene 

EPA  Method  8020 

1  pa/l 

any  amount 

5pg/l 

0.()()5mg/kg  -  1 1.3mg/kg 

Toluene 

EPA  Method  8020 

ipg/i 

any  amount 

10()0|ag/l 

0.400mg/kg  -  500mg/kg 

Ethylbenzene 

EPA  Method  8020 

1  Mg/I 

any  amount 

700pg/l 

0.370mg/kg  -  140mg/kg 

Xylenes  (total) 

EPA  Method  8020 

1  Pg/1 

any  amount 

lO.OOOpg/l 

20.00mg/kg  -  700.00mg/kg 
site  specinc/20mg/ 
kg-lOOmg/kg 

bieselM'aste  Oil  Benzo  (a)  Pyrene 

EPA  Method  550,  8270 

0.060/ 

any  amount 

0.03lpg/l  * 

0.660mg/kg  -  NA 

lO.OOpg/1 

Benzo  (a) 
Fluoranthene 

EPA  Method  8270 

0.820mg/'kg  -  NA 

Benzo (k) 
Fluoranthene 

EPA  Method  8270 

1.60mg/kg  -  NA 

Chrysene 

EPA  Method  8270 

lOpg/l 

any  amount 

0.031  l|jg/l 

0.660mg/kg  -  NA 

Indeno(  l,2,3-c,d) 
Pyrene 

EPA  Method  8270 

0.660mg/kg  -  NA 

Dibenz(a,h) 

Anthracene 

EPA  Method  8270 

I.60mg/kg  -  NA 

*  Pollution  Susceptibility  Areas  values  for  high  (<500  ft)  to  low  (>500ft)  withdrawal  points.  Contact:  Mark  Smith,  Ph.D..  Georgia  Department 

of  Natural  Resources  404-362-2687 


Summary  of  Hawaii  Cleanup  Standards  for  Hydrocarbon  Contaminated  Soil 


Product 

Parameter/ 

Constituent 

Lab  Test  Protocol  Detection 

&  Number  Level 

Notification  Action  Level  Cleanup  Criteria 

1  owol  Drinking  Water  Drinking  Water 

ucvci  Resource  Threatened  Resource  Not  Threatened 

Gasoline 

TPH  as  Gasoline 

EPA  Method  5030.  8015.  LUFT 

-•{sHeHeHeHe  j  sjeHeHe-eieHe 

Benzene 

* 

**** 

0.05  /  1.7  ppm 

Site  Specific 

Ethylbenzene 

* 

7/1.4  ppm 

Site  Specific 

Toluene 

* 

10/21  ppm 

Site  Specific 

TPH  as  Diesel 

sH* 

Hi  He  He  j  H«  eH  He  He  eie 

Site  Specific 

Benzene 

* 

0.05/  1.7  ppm 

Site  Specific 

Ethylbenzene 

* 

7/1.4  ppm 

Site  Specific 

Toluene 

* 

10/21  ppm 

Site  Specific 

Naphthalene 

*** 

100/  1 00  ppm 

Site  Specific 

Acenapthene 

;■! 

100/  100  ppm 

Site  Specific 

Fluoranthene 

:f-. ;!c 

He 

500  /  500  ppm 

Site  Specific 

Benzo  (a)  Pyrene 

*** 

He  He  H:  He 

1  /  1  ppm 

Site  Specific 

*  5(}.M)/  8015  or  5030/  8020  or  5030/  8240.  3550/  8015  or  3540/  8270  or  3550/  8270  or  LUFT  Method.  Contact:  Roger  Brewer.  Department  of  Health 

3540/  8310  or  3550/  8310  or  3540/  8270  or  3550/  8270.  All  spills  over  25  gallons  that  eannot  be  Underurouiul  Storage  Tank  Di\ision 

eontained  and  cleaned  up  wnhm  24  hours.  ***••-*  No  Cleanup  criteria  ba.sed  on  TPH-however  that  does  not  i 

preclude  use  as  screening  method.  Note:  NS=No  Standard.  Note:  Revised,  full  RBC.4  approach  to  be  S()8-586-4_26 

iinnlen tented  in  laie  l^'0,>/car!\  1906. 


Summary  of  Idaho  Cleanup  Standards  for  Hydrocarbon  Contaminated  Soil 


Product 

Parameter/ 

Constituent 

Lab  Test  Protocol 
&  Number 

Detection 

Level 

Notification 

Level 

Action 

Level 

Cleanup  Level 

Ga.soline 

TPH 

EPA  Method  8015 
Modified  as  Gas 

any  amount 

>  40ppm 

Site  Specific/40-200ppm 

Diesel 

TPH 

EPA  Method  8015 
Modified  as  Diesel 

H: 

any  amount 

>  lOOppm 

Site  Specific/ 100-2000ppm 

Waste  Oil 

Chlorinated 

Solvents 

EPA  Method  8010 
or  8240 

any  amount 

Site  Specific 

Site  Specific 

TPH 

EPA  Method  418.1 

* 

any  amount 

>  lOOppm 

lOOppm 

TCLP,  RCRA 

EPA  Method  6010 

Metals 

any  amount 

Site  Specific 

Site  Specific/ 

RCRA  Criteria 

PCBs 

EPA  Method  8080 

H« 

any  amount 

Site  Specific 

Site  Specific 

Depends  on  sample  matrix  and  concentration,  10  mg/kg  target. 
Note:  Risk  based  assessments  are  allowed  on  a  case  by  case  ba.sis. 


Contact:  Thomas  Neace.  Idaho  Division  of 

Environmental  Quality  208-334-5860 
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Summary  of  Illinois  Cleanup  Standards  for  Hydrocarbon  Contaminated  Soil 


Product  Parameter/ 

Constituent 

Lab  Test  Protocol 
&  Number 

Detection 

Level 

Notification 

Level 

Action 

Level 

Cleanup  Level 

Ga.soline  Benzene 

* 

He  He 

Any  amount 

.020  mg/1 

Site  specific 

Ethylbenzene 

* 

He  He 

Any  amount 

5.0  mg/1 

Site  Specific 

Toluene 

He 

He  He 

Any  amount 

5.0  mg/1 

Site  Specific 

Xylenes  (total) 

Ht 

He  He 

Any  amount 

74.00  mg/1 

Site  Specific 

Other  petroleum  Naphthalene 

He 

He  He 

Any  amount 

30.0  mg/1 

Site  Specific 

Acenaphthene 

He 

He  He 

Any  amount 

120.0  mg/1 

Site  Specific 

Anthracene 

:ie 

He  He 

Any  amount 

7.0  mg/f 

Site  Specific 

Fluoranthene 

He 

HeHe 

Any  amount 

68.0  mg/1 

Site  Specific 

Fluorene 

H: 

He  He 

Any  amount 

89.0  mg/1 

Site  Specific 

Pyrene 

He 

HeHe 

Any  amount 

56.0  mg/1 

Site  Specific 

Acenaphthylene 

He 

.660  mg/1 

Any  amount 

He  HeHe 

Site  Specific 

Benzo(g,h,i) 

He 

.051  mg/1 

Any  amount 

HeeJeHe 

Site  Specific 

perylene 

Phenanthrene 

He 

.660  mg/1 

Any  amount 

He  He  He 

Site  Specific 

Benzo(a)anthracene 

He 

HeHe 

Any  amount 

.7  mg/1 

Site  Specific 

Benzo(a)pyrene 

He 

HeHe 

Any  amount 

.09  mg/I 

Site  Specific 

Benzo(b) 

He 

HeHe 

Any  amount 

.9  mg/1 

Site  Specific 

fluoranthene 

Benzo(k) 

He 

HeHe 

Any  amoun 

4.0  mg/t 

Site  Specific 

fluoranthene 

Chrysene 

He 

HeHe 

Any  amount 

1 .0  mg/1 

Site  Specific 

Dibenzo(a,H) 

H< 

HeHe 

Any  amount 

.09  mg/1 

Site  Specific 

anthracene 

Ideno(1.2,3-cd) 

HeHe 

Any  amount 

.9  mg/1 

Site  Specific 

pyrene 


*Any  approved  USEPA  SW-846  method  **  Detection  level  is  test  specific  unles  ADL  is  given  Contact:  G,  Tod  Rowe,  Illinois  Environmental 

***  Any  amount  above  ADL  Note:  The  Agency  has  adopted  a  Risk-Based  Corrective  Action  (RBCA)  Administrative  Protection  Agency  217-782-6761 

Procedure  to  determine  cleanup  objectives  if  action  levels  are  exceeded. 


[  Summary  of  Indiana  Cleanup  Standards  for  Hydrocarbon  Contaminated  Soil  I 

Product 

Parameter/ 

Acceptable 

Detection 

Notification 

Action 

Cleanup  Level 

Constituent 

Methods 

Level 

Level 

Level 

Kerosene, 

Total  Petroleum 

GC/FID  8015- 

20ppm 

any  amount 

On-site 

On-site 

Gasoline 

Hydrocarbons 

iModified  (California)  or 

>  100 

<  100 

(TPH) 

GC/MS  8240/60 

Off-site 

Off-site 

any  amount 

N.D. 

Naptha, 

TPH 

GC/FID  8015- 

20ppm 

any  amount 

On-site 

On-site 

Diesel 

Modified  (California)  or 

>  iOO 

<  100 

GC/MS  8270 

Off-site 
any  amount 

Off-site  N.D. 

Waste  Oil 

VOC=^-  and 

GC/PID  8020  or 

GC/MS  8240/60 

2()ppm 

any  amount 

Site  Specific 

Site  Specific 

SVOC  and 

GC/MS  8270 

20ppm 

any  amount 

Site  Specific 

Site  Specific 

TPH  and 

418.1  IR 

20ppm 

any  amount 

Site  Specific 

Site  Specific 

PCB  and 

GC/ECD  8080/8081 

Ippm 

any  amount 

Site  Specific 

Site  Specific 

Metals** 

use  the  appropriate 

set  by  the  appro¬ 

any  amount 

Site  Specific 

Site  Specific 

SW-846  method 

priate  method 

*  This  analysis  also  should  include  Methyl-tertiary-butyl-ether  (MTBE;.  Meta!  scans  must  include:  Barium,  Contact:  Michael  Anderson,  Indiana  Department 

Cadmium.  Chromium  (total).  Lead,  Mercury,  Nickel,  and  Zinc.  of  Environmental  Management  317-233-6404 
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Summary  of  Iowa  Cleanup  Standards  for  Hydrocarbon  Contaminated  Soil  J 

Product 

Parameter/ 

Lab  Test  Protocol 

Detection 

Notification 

Action 

Cleanup  Level 

Constituent 

&  Number 

Level 

Level 

Level 

Gasoline 

TPH 

lowaO.A-1 

any  amount 

1 00  mg/kg 

Site  Specific 

Diesel 

TPH 

Iowa  OA-2 

any  amount 

1 00  mg/kg 

Site  Specific 

Waste  Oil 

TPH 

Iowa  OA-2 

any  amount 

1 00  mg/kg 

Site  Specific 

Note:  In  the  process  of  developing  administrative  rule  to  implement  the  ASTM  RBCA  standard.  The  rules 

Contact:  Jim  Humeston.  Iowa  Department  of 

should  be  effective  early  in  1996.  These  summaries  will  not  be  applicable  when  the  rules  are  effective. 

Natural  Resources  5 1 5-28 1  -8957 

1  Summary  of  Kansas  Cleanup  Standards  for  Hydrocarbon  Contaminated  Soil  I 

Product 

Parameter/ 

Lab  Test  Protocol 

Detection 

Notification 

Action 

Cleanup  Level 

Constituent 

&  Number 

Level 

Level 

Level 

Gasoline 

TPH 

He 

lOppm 

100  ppm 

1  OOppm 

Benzene 

EPA  Method  8020.8021. 
8240.  8260 

.  14ppm 

1.4  ppm 

1.4ppm 

1-2  Dichlcroethane 

EPA  Method  8010,  8021. 
8240.  8260 

.8ppm 

8  ppm 

8ppin 

Diesel 

TPH 

He 

lOppm 

100  ppm 

1  OOppm 

Waste  Oil 

TPH 

He 

lOppm 

100  ppm 

1  OOppm 

*Purge  and  trap.  Summation  of  peaks  chromatosraph.  *IR  method  (418. 1 )  is  allowable  for  TPH 

Contact:  Thomas  Winn. 

Department  of  Health  & 
13-296-1684 

analvsis  in  soil  for  waste  oil  onlv 

Environment  9 

1  Summary  of  Kentucky  Cleanup  Standards  for  Hydrocarbon  Contaminated  Soil  J 

Product 

Parameter/ 

Lab  Test  Protocol 

Detection 

Notification 

Action 

Cleanup  Level 

Constituent 

&  Number 

Level 

Level 

Level 

Gasoline"*' 

Benzene 

EPA  Method  8240.  8260. 
8020  or  802 1 

O.OObppm 

0.006 ppm 

0.006ppm 

0.006  to  20ppm 

Toluene 

EPA  Method  8240.  8260. 
8020  or  802  1 

0.7  ppm 

().7ppm 

0.7pprn 

0.7  to  130ppm 

Xylene 

EPA  .Method  8240.  8260. 
8020  or  802 1 

7.(lppni 

7.()ppm 

7.0ppm 

7.0  to  200ppm 

continued  Summary  of  Kentucky  Cleanup  Standards  for  Hydrocarbon  Contaminated  Soii 


Ethylbenzene 

EPA  MctlK^d  8240.  8260, 
8020  or  802 1 

0.35  ppm 

0.35  ppm 

0.3  5  ppm 

0.35  to  55()ppm 

Diesel*® 

PAH 

EPA  Method  8 100, 

8270  or  8310 

1  ppm 

1  ppm 

Ippm 

1  ppm 

Wiisle  Oil** 

Oil  &  Grease 

EPA  Method  9071 

1  ppm 

lOppm  or 
over  background 

> lOppm  (ir 
o\cr  hackgrounc! 

<i0ppm  or 

less  than  background 

Total  Lead 

EPA  Method  7420, 

7421  or  60 10 

Ippm 

over  background 
or  >  lOppm 

over 

background 

less  than  background 
or  <  20ppm 

■'These  values  vary  depending  on  facility  classificatrion,  see  08()E.  Contact:  Doyle  Mills.  Division  of  Waste  Management 

■'•"'X"'uieiuly  under  review,  numbers  may  change.  502-564-6- 16 
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Summary  of  Louisiana  Cleanup  Standards  for  Hydrocarbon  Contaminated  Soil 

Product 

Parameter/ 

Constituent 

Lab  Test  Protocol 
&  Number 

Detection 

Level 

Notification 

Level 

Action  Cleanup  Level 

Level  Residential  /  Industrial 

Gasoline 

Benzene 

8260/8020 

test  specific 

any  level 

.9/.9ugl 

Toluene 

8260/8020 

test  specific 

any  level 

60  /160.ugl 

Ethylbenzene 

8260/8020 

test  specific 

any  level 

1227/  1227. ugl 

Gasoline 

Xylene 

8260/8020 

test  specific 

any  level 

490/490  ugl 

&  Diesel 

Acenaphthene 

8270 

test  specific 

any  level 

315/315  ,ugl 

Anthracene 

8270 

test  specific 

any  level 

361/361  Mgl 

Benzo(a)pyrene 

8270 

test  specific 

any  level 

.66  /  .78  pgl 

Chrysene 

8270 

test  specific 

any  level 

30/30pgI 

Dibenzo(ah) 

anthracene 

8270 

test  specific 

any  level 

.68/.78  pgl 

Pyrene 

8270 

test  specific 

any  level 

99/99!Ligl 

Naphthalene 

8270 

test  specific 

any  level 

780/780pgl 

Ideno(l,2,3rcd) 

pyrene 

8270 

test  specific 

any  level 

.9  /  7.9  |ugl 

Benzo(b) 

fluoranthene 

8270 

test  specific 

any  level 

.8/78.4|jgl 

Fluorene 

8270 

test  specific 

any  level 

277  /  277  pgl 

Fluoranthene 

8270 

test  specific 

any  level 

197/  197  pgl 

Benzo(b) 

fluoranthene 

8270 

test  specific 

any  level 

.88/7.8!Jgl 

Benzo(a)anthracene  8270 

test  specific 

any  .level 

.88/7.8Mgl 

C5-C8 

8015 

test  specific 

any  level 

1146/  1317  jjgl 

C9-C18 

8015 

test  specific 

any  level 

5700/  10000  pgl 

C19-C35 

8015 

test  specific 

any  level 

10000/  10000  pgl 

Waste  oil 

Arsenic 

6010 

test  specific 

any  level 

.37/3MgI 

Barium 

6010 

test  specific 

any  level 

2000  /  2000  pgl 

Cadmium 

6010 

test  specific 

any  level 

20/ 20. ugl 

Chromium 

6010 

test  specific 

any  level 

100/  100  pgl 

Lead 

6010/7420 

test  specific 

any  level 

100/  100  Mgl 

Nickel 

6010 

test  specific 

any  level 

200/200  ugl 

Vanadium 

6010 

test  specific 

any  level 

511/511  Mgl 

Contact: 

Depanmeni  of  Environmeniai  Quality  .'"04-765-0“-  : 

Summary  of  Maine  Cleanup  Standards  for  Hydrocarbon  Contaminated  Soil 

Product 

Parameter/ 

Constituent 

Lab  Test  Protocol 
&  Number 

Detection 

Level 

Notification  Action 

Level  Level 

Cleanup  Level 

Clast)  line 

Total  Gasoline 

Gas  Range 

Organics  (4.2. 17) 

Ippm 

2()0ppm  by 

Jar /  Headspace 

5mg/kg^^ 

Diesel 

Total  Fuel  Oil 

Diesal  Range 

Organics  (4. 1 .25) 

5  ppm 

50ppm  by  Headspace 

1 0  mg/kg'-' 

_ _  _  .vj-' 

^L'^()(■LL■ST^iIcs:uvl\L^dirK^  intcniicdiatc  unci  >tnn^*int.  tlcpcndini:  upon  geologic  \  ulncrubility  of  site  and  uvailibiliiy 
,.>ii>.  Aulef  .  Ail  .uidiiionai  euieeoiA  !■' beta . ■  .!e:\d. 


Enc  irc^nmental  Protection  207-2S7-2651 


Summary  of  Maryland  Cleanup  Standards  for  Hydrocarbon  Contaminated  Soil 
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Note:  ng/g=ppm  mass/  mass  dry  weight  basis,  NS-  Not  Specified  in  regulation.  (1)  Two  notification  thresholds  have  been  established  for  Contact:  John  Fitzgerald.  Mass, 
“high”  and  “low”  exposure  potential  areas.  (2)  Nine  cleanup  values  have  been  established  depending  upon  exposure  potential/  accessibility  of  Dept,  of  Environmental  ^ 

soil,  and  use/  classification  of  underlying  groundwater.  Alternative  cleanup  levels  are  allowed  based  upon  a  site-specific  risk  characterization.  Protection  6 1 7*9.'«2*7  '  '2 

Note;  Please  refer  to  Massachusett.s  regulations  310  CMR  40.00UO  for  complete  details  on  cleanup  numbers  and  requirements. 


Summary  of  Michigan  Cleanup  Standards  for  Hydrocarbon  Contaminated  Soil 


Product 

Parameter/ 

Constituent 

Lab  Test  Protocol 
&  Number 

Detection 

Level 

Notification 

Level 

Action 

Level 

Cleanup  Criteria 

Residential 

Gasoline 

Benzene 

8020.  8021,  8240A, 
8260A,  CLP-SOW 

lOppb 

any  amount 

same  as  clean-up 

criteria 

lOOppb 

Toluene 

8020,  8021,8240A, 
8:60A.  CLP-SOW 

lOppb 

any  amount 

same  as  clean-up 

criteria 

i6,000ppb 

continued  Summary  of  Michigan  Cleanup  Standards  for  Hydrocarbon  Contaminated  Soil 


Summary  of  Minnesota  Cleanup  Standards  for  Hydrocarbon  Contaminated  Soil 


Product 


Gasoline 


Waste  Oil 


Parameter/ 

Constituent 

Lab  Test  Protocol 
&  Number 

Detection 

Level 

Notification 

Level 

Action 

Level 

Cleanup  Level 

TPH 

Wisconsin  D.NR 

GRO  Method 

any  amount 

40  ppnV'^"= 

Site  Spccific'^'^'^'^ 

BTEX 

any  amount 

40  ppnr'"-' 

Site  Sped  fie'-' 

MTBE 

any  amount 

40  ppnr‘==-= 

Site  Spocific'^'^’^'" 

TPH 

Wisconsin  DNR 

DRO  Method 

any  amount 

10  ppm"'=’==- 

Site  Specific-'"  '''^''' 

BTEX  ' 

Same  as  Diesel  - 

any  amount 

10  ppm* 

Site  Specific’^*^^* 

- 

.Ail  samples,  unles.s  spocitically  noted,  should  use  an  EP.A  approved  method  <ir  equivalent.  Soil  Vapor 
headspace  analysis  >  dfippm.  Visual  evidence  of  contamination  or  soil  vapor  headspace  >  10  ppm. 
****  .Additional  investigation  needed  if  base,  sidewall  soil  samples  are  >50ppm  TPH  for  sands. 


Contact:  .Vlinnesota  Pollution  Control  Atzency 
6 1 2-296-6.300  or  1  -800-657-3864 
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Summary  of  Mississippi  Cleanup  Standards  for  Hydrocarbon  Contaminated  Soil 

Product 

Parameter/ 

Constituent 

Lab  Test  Protocol 
&  Number 

Detection 

Level 

Notification 

Level 

Action 

Level 

Cleanup  Level 

Gasoline 

BTEX 

EPA  Method  602.  624, 
8020.  8240.  8260 

any  amount 

100  ppm 
or  over 

Diesel 

TPH 

EPA  Method  4 18.1 

4pprn 

any  amount 

100  ppm 
or  over 

Waste  Oil 

TPH 

EPA  Method  4 18,1 

Ippm 

any  amount 

100  ppm 
or  over 

Benzene- 1  I.25ppb.  Toluene- ! 2. 5ppb.  Ethvibenzene-6.25ppb.  Mela  &  Para  Xylene- 1 2. 5ppb.  Contact:  Martha  Martin,  Mississippi  Underground 

**  lOOppm  or  less  if  no  sensitive  environmental  receptors  present.  Storage  Tank  Division  601-961-5058 


Summary  of  Missouri  Cleanup  Standards  for  Hydrocarbon  Contaminated  Soil 


Product 


Gasoline 


Diesel 
Waste  Oil 


Parameter/ 

Constituent 


TPH 

Benzene 

Toluene 

Ethylbenzene 

Xylene 

Same  as  Gasoline  - 

TPH 

BTEX 

Heavy  Metals 


Lab  Test  Protocol 
&  Number 


EPA  Method  418.1 
Modified 

EPA  Method  8020  or 
8240 

EPA  Method  8020  or 
8240 

EPA  Method  8020  or 
8240 

EPA  Method  8020  or 
8240 


Detection  Notification 


Level 


S.Oppm  25ppm 


.05ppm 

.05ppm 

.05ppm 

.05ppm 


Total  BTEX 
Ippm 

Total  BTEX 
Ippm 

Total  BTEX 
Ippm 


Action 
Level 


Site 

Specific 

Site 

Specific 

Site 

Specific 

Site 

Specific 

Site 

Specific 


Cleanup  Level 


Site  Specific/50-500ppm 
Site  Specific 

Min  (Total  .BTEX<2ppm) 
Max  (  Benzene  2ppm, 
Toluene  lOppm, 
Ethylbenzene  50ppm, 
Xylene  50ppm) 


Same  as  Gasoline 

EPA  Method  8240  Same  as 

EPA  Method  1311/6010  40  mg/k; 

(TCLP) 


Same  as  Gasoline - — - — - - ^ 

40  mg/kg  Contact  the  Environmental  Services  Program,  Site  Specific 


Note: In  January  1996  new  regulations  will  be  implemented,  changes  will  be  made  in  reporting 
levels,  cleanup  levels  and  lab  analysis.  Contact  Department  of  Natural  Resources  for  information  on 
new  guidelines.  Note:  TCLP  Regulatory  levels  in  40CFR  261.24. 


Contact:  John  Crawshaw,  Missouri  Department  of 
Natural  Resourses  816-795-8655 


Product 

Gasoline 


Parameter/ 

Constituent 

Lab  Test  Protocol 
&  Number 

Detection 

Level 

Notification 

Level 

Action 

Level 

Cleanup  Level 

TPH 

GRO** 

Non-specific 
Level  Required 

100  ppm 

>100ppb 

Site  Specific  >100ppm 

Benzene 

EPA  Method  8020.  8260 

Non-specific 
Level  Required 

1  ppm 

>ippb 

Site  Specific  >lppm 

Total  BTEX 

EPA  Method  8020,  8260 

Non-specific 
Level  Required 

10  ppm 

>10ppb 

Site  Specific  >l0ppm 

TPH 

DRO** 

Non-specific 
Level  Required 

100  ppm 

>100ppb 

Site  Specific  >100ppm 

TPH 

DRO**  with  a  used  oil 
standard 

Non-specific 
Level  Required 

1 00  ppm 

>100ppb 

Site  Specific  >100ppm 

VOCs 

EPA  Method  8260 

Non-specific 

Site  Specific 

See  above  for  BTEX* 

Cadmium, 
Chromium,  Lead 

Not  Specified 

Non-specific 
Level  Required 

Site  Specific 

Diesel 
Waste  Oil 


^  Contamination  from  metals  and  halogenated  VOCs  is  under  the  jurisdiction  of  another  program.  Contact; 
'  Must  be  performed  according  to  MDEQ  guidelines. 


Michael  Savka.  Montana  Department  of 
Environmental  Quality  406-444-5970 
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Summary  of  Nebraska  Recommended  Cleanup  Goals  for  Hydrocarbon  Contaminated  Soil  I 

Product 

Parameter/ 

Lab  Test  Protocol 

Detection 

Notification 

Action 

Cleanup  Level 

Constituent 

&  Number 

Level 

Level 

Level 

Gasoline 

Benzene 

EPA  Method  8021,8020 

<  Cleanup 

any  amount 

Site  Specific/.005-50ppm 

8240. 8260 

Level 

Total  BTEX 

EPA  Method  8021,8020 

<  Cleanup 

any  amount 

Site  Specific/ 1-1 0.OOOppm 

8240,  8260 

Level 

TRPH 

<  Cleanup 

any  amount 

Site  Specific/ i0-500ppm 

Diesel 

Benzene 

EPA  Method  8021,  8020 

<  Cleanup 

any  amount 

Site  Specific/.005-50ppm 

8240,  8260 

Level 

Total  BTEX 

EPA  Method  8021,8020 

<  Cleanup 

any  amount 

Site  Specific/1-lO.OOOppm 

8240,  8260 

Level 

TRPH 

<  Cleanup 

any  amount 

Site  Specific/ 100-500ppm 

Waste  OiT^ 

TRPH 

<  Cleanup 

any  amount 

Site  Specific/ 10”500ppm 

VOCs.  SVOCs 

EPA  Method  8240/ 

<  Cleanup 

any  amount 

Established  Case-Bv-Gase 

8260; 8270 

Level 

, 

Currently  following  EPA  method  418.1 

,  will  be  revising  methodologies  soon. 

Contact:  Rosemary  Fenton  Benda,  Nebraska  Deoartment 

Please  contact  the  Nebraska  Department  of  Environmental  Quality  with  any  questions. 

of  Environmental  Quality  402-471-4230 

Note:  Soil  cleanup  levels  are  based  on  site  specific  contaminants  and  exposure  parameters. 

1  Summary  of  Nevada  Cleanup  Standards  for  Hydrocarbon  Contaminated  Soil 

Product 

Parameter/ 

Lab  Test  Protocol 

Detection 

Notification 

Action 

Cleanup  Level 

Constituent 

&  Number 

Level 

Level 

Level 

Gasoline 

TPH 

EPA  Method  8015 

10  mg/kg 

>  25  Gallons  or 

1 00  ppm 

100  ppm 

Modified 

3  Cubic  Yards 

Diesel 

TPH 

EPA  Method  8015 

1 0  mg/kg 

>  25  Gallons  or 

100  ppm 

1 00  ppm 

.Modified 

3  Cubic  Yards 

Waste  Oil 

TPH 

EPA  Method  8015 

10  mg/kg 

>  25  Gallons  or 

100  ppm 

100  ppm 

Modified. 

3  Cubic  Yards 

.MCLs 

.MCLs 

TCLP  Inorganics 

MCLs 

MCLs 

Cuntacl:  Larry  Woods,  Nevada  Department  of  Conservation  and  Natural  Resouree.s  702-687-4670 


Summary  of  New  Hampshire  Cleanup  Standards  for  Hydrocarbon  Contaminated  Soil 

Product 

Parameter/  Lab  Test  Protocol 

Detection 

Notification 

Action  Cleanup  Guidelines  I 

Constituent  &  Number 

Level 

Level 

Level  (ppm) 

(ppm) 

Gasoline 

VOC  * 

Test  Specific 

Same  As 

Benzene>.2 

.2 

and  TPH 

Cleanup  Level 

1  -2-Dich!orocthane>.04 

.04 

(TPH  as  gasoline) 

Ethylbenzene  >75 

75 

Lsopropvlbenzcne>23 

23 

MTBE>.6 

.6 

Toluene>75 

75 

Xylenes>750 

750 

TPH>  10,000 

i  0.000 

No's2,4,5,6  Fuel 

VOC.  PAHand  ** 

Test  Specific 

Same  As 

VOCs  and  TPH  Same  As  Above 

Oil  and  Diesel 

TPH  (TPH  as  oil) 

Cleanup  Level 

Napthalene  >.66 

.66 

Acenapythene  >.66 

.66 

Benzo(a)pyrene  >.66 

.66 

Benzo(b)nuoranthene  >.66 

.66 

Benzo(k)tluoranihene  >.66 

.66 

Chrysene  >.66 

.66 

Dibenzo(a)anthracene  >.66 

.66 

Fluoranthene  >.66 

.66 

Indene(  1 .2.3-ed)pyrene  >.66 

.66 

2-methylnaphthalene  >.66 

.66 

Total  Non- 
Carcinogenic  PAHs 

>7800  >7800 

Waste  Oil  and 

Same  as  Above 

Site  Specific  Site  Specific 

similiar  weight 
products 

Plus  TCLP 

*  Initially  8260  plus  MTBE  and  P&T-GC/FID  for  TPH.  All  other  samples  8020  plus  MTBE  or  8240 
plus  MTBE  and  P&T  GCIFID  for  TPH. 

**Initially  8260,  8270/8310  and  extraction  GC/FID  for  TPH.  All  other  samples  8020,  8240.  8260  or 
8270/8310  and  extraction  GC/FID  for  PAH. 


Contact:  George  Lombardo.  New  Hampshire  Depanment 
of  Environmental  Services  603-271-3503 
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Summary  of  New  Jersey  Cleanup  Criteria  for  Hydrocarbon  Contaminated  Soil 

Product 

Parameter/ 

Constituent 

Lab  Test  Protocol 
&  Number 

Detection 

Level 

Notification 

Level 

Action 

Level 

Cleanup  Criteria* 

Residential  /  Non-Resid.  /  Impacted  Ground'/;ater 

Gasoline 

Benzene 

EPA  Method  SW  846 

Test  Specific 

any  amount 

NS 

3mg/kg  /  I3mg/kg  /  Img/Lg 

Toluene 

EPA  Method  SW  846 

Test  Specific 

any  amount 

NS 

1 0(X)mg/kg  /  1  (XX)mg/kg  /  oDOmg/kg 

Ethylbenzene 

EPA  Method  SW  846 

Test  Specific 

any  amount 

NS 

lOOOmg/kg  /lOOOmg/kg  /  lOOmg/kg 

Xylene 

EPA  Method  SW  846 

Test  Specific 

any  amount 

NS 

<  4 1  Omg/kg  / 1  CXX)mg/kg  / 1  Omg/kg 

Anthracene 

EPA  MethodSW  846 

Test  Specific 

any  amount 

NS 

1 0.(XX)mg/kg  / 1 0,000mg/kg  / 1 00m2l<g 

Naphthalene 

EPA  Method  SW  846 

Test  Specific 

any  amount 

NS 

230mg/kg  /  4200mg/kg  / 1  OOmg/kg 

Lead 

EPA  Method  SW  846 

Test  Specific 

any  amount 

NS 

4(X)mg/kg  /600mg/kg  /  NS 

Benzo  (a)  Pyrene 

EPA  Method  SW  846 

Test  Specific 

any  amount 

NS 

.66mg/kg  /.66mg/kg  / 1  OOmg/kg 

Diesel 

Same  As  Above  For  Gasoline 

NS=Not  Specified  *Total  Organic  Compounds.  CAP  of  10,000mg/kg  Contact:  N.J.  Dept,  of  Environmental  Protecdon  609-9S4-3156 


Summary  of  New  Mexico  Cleanup  Standards  for  Hydrocarbon  Contaminated  Soil 


Product 

Parameter/ 

Lab  Test  Protocol 

Detection 

Notification 

Action 

Cleanup  Level 

Constituent 

&  Number  ppm 

Level 

Level 

Level 

Gasoline 

TPH 

EPA  Method  8020 

50  ppm 

50ppm 

BTEX 

EPA  Method  8020 

O.SOppm 

■i'- 

Diesel 

TPH 

EPA  Method  80 15 

25.0ppm 

100  ppm 

1  OOppm 

Modified 

EPA  Method  418.1 

lOOppm 

1  OOppm 

Waste  Oil 

TPH 

Modified  8015 

1  OOppm 

1  OOppm 

Same  as  Diesel  + 

25.0PPrT^ 

Per  RCRA 

Per  RCRA 

Semi-volatiles, 

TLCP 

Per  RCRA 

Per  RCRA 

Volatiles,  PCBs, 

Metals 

*  Total  50ppm  and  Benzene  lOppin 

Contact:  Anna  Richard.s,  New  Mexico  Environmental  Department  505-827-0 P35 

Summary  of  New  York  Cleanup  Standards  for  Hydrocarbon  Contaminated  Soil  ] 

Product 

Parameter/ 

Lab  Test  Protocol 

Detection 

Notification 

Action 

Cleanup  Level 

Constituent 

&  Number 

Level 

Level 

Level 

Gasoline 

Benzene 

EPA  Method  8021  or  8020 

2ppb 

any  amount 

i4ppb 

Site  Specific 

Ethylbenzene 

EPA  Method  8021  or  8020 

cr 

any  amount 

1 OOppb 

Site  Specific 

Toluene 

EPA  Method  8021  or  8020 

2ppb 

any  amount 

1 OOppb 

Site  Specific 

Xylene 

EPA  Method  8021  or  8020 

2ppb 

any  amount 

1 OOppb 

Site  Specific 

MTBE 

EPA  Method  8021  or  8020 

Ippb 

any  amount 

lOOOppb 

Site  Specific 

Other  Compounds 

EPA  Method  8021 

Compound 

any  amount 

Compound 

Site  Specific 

Listed  in  STARS  #1 

Specific 

Specific 

Diesel 

Naphthalene 

EPA  Method  8021 

Ippb 

any  amount 

200ppb 

Site  Specific 

Anthracene 

EPA  Method  8270 

330ppb 

any  amount 

lOOOppb 

Site  Specific 

Fluorene 

EPA  Method  8270 

330ppb 

any  amount 

1 OOOppb 

Site  Specific 

Pyrene 

EPA  Method  8270 

330ppb 

any  amount 

l0(X)ppb 

Site  Specific 

Other  Compounds 

EPA  Method  8021 

Compound 

any  amount 

Compound 

Site  Specific 

Listed  in  STARS  #I 

or  8270 

Specific 

Specific 

Waste  Oil 

PCBs 

EPA  Method  8270 

Compound 

Compound 

Compound 

Compound 

Specific 

Specific 

Specific 

Specific 

Halosenated 

EPA  Method  802 1 

Compound 

Compound 

Compound 

Compound 

Organics 

Specific 

Specific 

Specific 

Specific 

_ 

See  Diesel  — 

Parameters  Abose 

Contact:  Chris  O'Neill. 

New  York  Department  of 

En\  ironmemjl  Conservation  518-457-9412 
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Summary  of  North  Carolina  Cleanup  Standards  for  Hydrocarbon  Contaminated  Soil 

Product 

Parameter/ 

Constituent 

Lab  Test  Protocol 
&  Number 

Detection 

Level 

Notification 

Level 

Action 

Level 

Cleanup  Level 

Gasoline, 
Aviation  Fuels,  etc 

TPH 

5030  sample  prep,  w/ 
modified  8015 

MDL 

lOppm 

lOppm 

Site  Specific* 

Diesel, 

Kerosene,  etc. 

TPH 

5030  4*  3550  sample 
prep,  w/  modified  8015 

MDL 

5030-10ppm 

3550-40ppm 

lOppm 

40ppm 

Site  Specific* 

Heavy  Fuels 
(Virgin  Products) 

TPH 

9071 

MDL 

>250ppm 

>250ppm 

Site  Specific* 

Waste  Oil 

TPH 

9071  and  8021,  if 

9071  >  250ppm  or  cmpds. 
are  detected  by  8021.  then 
use  1311  (TCLP) 

MDL 

9071  (>250ppm) 
8021  (>MDL) 
1311  (>MDL) 

9071  (>250t5pm)  Site  Specific* 

8021  (>MDL) 

1311  (>MDL) 

Metals 

Pb,  Ba,  As,  Cd 

Cr,  Ag,  Hg.  Se 

1311(TCLP) 

MDL 

>Cleanup  Level 

>Cleanup 

Level 

Naturally  Occuring 
Backround  Concentrations 

Note:  MDL  =  Method  Detection  Limit.  *  North  Carolina  uses  a  Site  Sensitivity  evaluation  to  Contact:  Mike  Cleary,  North  Carolina  Division  of 

rate  sites,  cleanup  criteria  are  based  on  evaluation.  i  Environmental  Management  919-733-1322 


Summary  of  North  Dakota  Cleanup  Standards  for  Hydrocarbon  Contaminated  SoH 


Product 

Parameter/ 

Constituent 

Lab  Test  Protocol 
&  Number 

Detection 

Level 

Notification 

Level 

Action 

Level 

Cleanup  Level 

Gasoline 

TPH 

Modified  EPA  8015 

any  amount 

100  ppm 

Site  Specific/ 100+  ppm 

Diesel 

TPH 

Modified  EPA  8015 

any  amount 

100  ppm 

Site  Specific/ 100+  ppm 

Waste  Oil 

BTEX 

EPA  Method  8020 

any  amount 

.5mg/! 

Lead 

EPA  Method  239.2 

any  amount 

Benzene 

5mg/! 

Chromium 

EPA  Method  218.2 

any  amount 

5mg/I 

TOX 

EPA  Method  9020.  9022 

any  amount 

lOOOmg/I 

Contact:  Dave  Gian.  State  Department  of  Health 
70D"^2S-5:i0 

Summary  of  Ohio  Cleanup  Standards  for  Hydrocarbon  Contaminated  Soil 


Product 

Parameter/ 

Constituent 

Lab  Test  Protocol  Detection 

&  Number  Level 

Notification 

Level 

Action  Cleanup  Level 

Level 

Gasoline 

Benzene 

EPA  Method  8020 

Method  Specific 

Action  Level  Based  0.006  -0.500  ppm 

Silo  Specific 

Toluene 

EPA  Method  8020 

Method  Specific 

Action  Level  Based  4-12  ppm 

Site  Specific 

Ethylbenzene 

EPA  Method  8020 

Method  Specific 

Action  Level  Ba.sed  6-18  ppm 

Site  Specife 

Total  Xylenes 

EPA  Method  8020 

Method  Specific 

Action  Level  Based  28-85  ppm 

Site  Specific 

TPH 

Modified  Method  8015  Method 

Action  Level 

105-600 

Site  Specific 

Specific 

Based 

.  Ppfii 

Diesel 

13  en  zone 

EPA  Method  8020 

Method  Specific 

Action  Level  Ba.sed  0.006  -0.5()(} 

Site  Specific 

Toluene 

EPA  Method  8020 

Method  Specific 

.Action  Level  Based  4-12  ppm 

Site  Specific 

Ethylbenzene 

EPA  Method  8020 

Method  Specific 

Action  Level  Based  6-18  ppm 

Site  Specific 

Total  Xylenes 

EPA  .Method  8020 

Method  Specific 

Action  Level  Ba.sed  28-85  ppm 

Site  Specific 

PNAs 

EPA  Method  8  100 

Method  Specific 

Any  Level 

Site  Specific 

Site  Specific 

TPH 

EPA  Method  418.1 

Method  Specific 

Any  Level 

380-1 156ppm 

Site  Specific 

Waste  Oil 

Volatile  Organic 

EPA  Method  8240 

Method 

.Any  Level 

Site 

Site  Specific 

Aromatics 

Specific 

Specific 

TPH 

EPA  Method  4 18.1 

Method 

Action  Level 

380-1156 

Site  Specific 

Specific 

Based 

ppm 

Contact:  Raymond  Roe.  Ohio  Departmenl  of  Commerce  614-752-7941 
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Summary  of  Oklahoma  Cleanup  Standards  for  Hydrocarbon  Contaminated  Soil 


Product  Parameter/ 

Constituent 

Lab  Test  Protocol 
&  Number 

Detection 

Level 

Notification 

Level 

Action 

Level 

Cleanup  Level 

1/2/3  ppm 

Ga.soline,  Diesel  TPH 

Ippm 

any  amount 

TPH>50ppm 

TPH:  50/500/  1000 

and  Kerosene 

above  action  level  B>.5ppm 

B:  .5/5/10 

BTEX 

Ippm 

any  amount 

T>40ppm 

T:  40  /400  /  1000 

above  action  level  E>15ppm 

E:  15/  1.50/  1000 

X>200ppm 

X:  200/1000/1000 

Note:  Oklahoma  uses  a  Remediation  Index  to  determine  cleanup  standards  on  a  site-by-.site  basis. 

Contact:  Oklahoma  Corporation  Commission. 

No  methixls  ai-e  specified-  whatever  method  is 

specified  mast  be  able  to  detect  the  most 

stringent  cleanup  le 

els. 

Underground  Stora 

ge  Tank  Program  4U5o- 1  -6o  /o 

Summary  of  Oregon  Cleanup  Standards  for  Hydrocarbon  Contaminated  Sgil 


Product 

Parameter/ 

Lab  Test  Protocol 

Detection 

Notification 

Action 

Cleanup  Level 

Constituent 

&  Number 

Level 

Level 

Level 

Gasoline 

TPH 

DEQ  Method.  TPH-G 

1 0  mg/kg 

any  amount 

Site  Specific, 

Level  l=4(}ppni. 
Level  2=80ppm 
Level  3=130ppm 

Diesel 

TPH 

DEQ  Method,  TPH-D 

20  mg/kg 

any  amount 

Site  Specific 

()rTPH-4l8.1 

Level  l  =  l00ppm. 
Level  2=500ppm, 
Level  3=1000ppm, 

Waste  Oil 

TPH 

DEQ  Method.TPH-4 18.1 

any  amount 

(Same  as  Diesel) 

Note:  Oregon  uses  a  site  scoring  matrix  to  determine  petroleum  cleanup  standards  in  soil.  Contact;  Michael  Anderson.  Department  of 

Environmental  Quality  503-229-6764 


Summary  of  South  Carolina  Cleanup  Standards  for  Hydrocarbon  j^ntaminated  SoH 


Product 

Parameter/ 

Constituent 

Lab  Test  Protocol 
&  Number 

Detection 

Level 

Notification 

Level 

Action 

Level 

Cleanup  Level 

Gasoline 

BTEX 

EPA  Method  8260 

1  mg/kg 

any  amount 

Spg/kg 

TPH 

EPA  Method  907 1 

10  mg/kg 

any  amount 

lOOOpg/kg 

Diesel 

BTEX 

EPA  Method  8020 

1  mg/kg 

any  amount 

5pg/kg 

Naphthalene 

EPA  Method  8260 

any  amount 

** 

.Spg/kg 

TPH 

EPA  Method  9071 

10  mg/kg 

any  amount 

tj; 

Site  Specific 

Waste  Oil 

BTEX 

EPA  Method  8260 

1  mg/kg 

any  amount 

5pg/kg 

Naphthalene 

EPA  Method  8260 

any  amount 

5pg/kg 

TPH 

EPA  Method  9071 

10  mg/kg 

any  amount 

lOOOpg/kg 

Contact:  Read  Miner.  South  Carolina  Dcpanment  of  Health 
^  Edivironmental  Control  H03-734-3 -3  J 


Summary  of  South  Dakota  Cleanup  Standards  for  Hydrocarbon  Contaminated  Soil. 


Product 

Parameter/ 

Constituent 

Lab  Test  Protocol 
&  Number 

Detection 

Level 

Notification 

Level 

Action  Cleanup  Level 

Level 

Gasoline 

TPH 

lOppm 

any  amount 

10-100  ppm  10-100  ppm^^ 

Diesel 

TPH 

Waste  Oil 

TPH 

EPTOX  Methods 

California/  CSGS  method  or  similar  methods  that  can  quantify  TPH  by  integrating  all  detectable  peaks  within  Contact:  Doug  Miller,  Department  of  Environmental 

the  time  period  in  which  95  vr  of  the  recoverable  hydrocarbons  are  eluted.  **  Action  Levels/  Cleanup  Leve!.s  are  and  Natural  Resources  605-773-3296 

Site  Specific  and  are  based  on  the  type  of  contaminant  released,  depth  to  an  aquiter  and  the  soil  type  present. 

Note:  Changes  to  the  above  cleanup  standards  were  heard  at  a  public  hearing  October  4.  Future  cleanups  will  be 
done  using  an  approach  similar  lo  AST.M's  risked-based  corrective  actions  applied  at  petroleum  release  sites. 
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Summary  of  Tennessee  Cleanup  Standards  for  Hydrocarbon  Contaminated  Soil  | 

Product  Parameter/ 

Constituent 

Lab  Test  Protocol 
&  Number 

Detection 

Level 

Notification 

Level 

Action 

Level 

Cleanup  Level 

Gasoline  Total  BTX 

SW-846 

5030  P&T/  8020  GC 

0.002ppm 

any  amount 

>  1 0  ppm 

Applic.  CL  based  on  GW  Class. 

&  Soil  Perm.  >  ! Oppni-  >.^0(lppm 

TPH 

TN  Method  for 

Gasoline  Range  Organics 

1  Oppni 

any  amount 

>100  ppm 

>  lOOppm —  >1000ppm 

conf//7uec/ Summary  of  Tennessee  Cleanup  Standards  for  Hydrocarbon  Contaminated  Soil 


Diesel 

TPH 

TN  Method  for 

Diesel  Range  Organics 

lOppm 

any  amount 

>100  ppm 

>  lOOppm  —  >1000ppm 

Waste  Oil 

TPH 

503Eor418.1 

lOOppm 

any  amount 

>100  ppm 

>  lOOppm —  >l000ppm 

Contact:  Curtis  Hopper,  Tennessee  Department  of 

Environment  and  Conservation  615-532-0956 


Summary  of  Texas  Cleanup  Standards  for  Hydrocarbon  Contaminated  Soil 


Product 

Parameter/ 

Constituent 

Lab  Test  Protocol 
&  Number 

Detection 

Level 

Notification 

Level 

Action 

Level 

Cleanup  Level 

Gasoline 

Benzene 

EPA  Method  8020 

.5mg/kg 

any  amount 

•"1: 

Site  Specific/Risk-based^* 

Toluene 

EPA  Method  8020 

.5  mg/kg 

any  amount 

* 

Site  Specific/Risk-based^^* 

Ethylbenzene 

EPA  Method  8020 

.5  mg/kg 

any  amount 

Site  Specific/Ri.sk-based** 

Xylene 

EPA  Method  8020 

.5mg/kg 

any  amount 

H-* 

Site  Specific/Risk-based** 

TPH 

EPA  Method  4 18.1 

lOmg/kg 

any  amount 

None'^'^'^ 

Diesel 

Benzene 

EPA  Method  8020 

.5  mg/kg 

any  amount 

* 

Site  Specific/Risk-based^* 

Toluene 

EPA  Method  8020 

.5  mg/kg 

any  amount 

Site  Specific/Risk-based*'^ 

Ethylbenzene 

EPA  Method  8020 

.5  mg/kg 

any  amount 

* 

Site  Specific/Risk-based'-^* 

Xylene 

EPA  Method  8020 

.5  mg/kg 

any  amount 

* 

Site  Specific/Risk-based^* 

TPH 

EPA  Method  418.1 

1  Omg/kg 

any  amount 

* 

None*’-^* 

PAHs 

EPA  Method  8 100, 

8270, 8310 

Chemical 

Specific 

any  amount 

Site  Specific/Risk-based^* 

Waste  Oil 

BTEX 

EPA  Method  8020 

.5  mg/kg  each 

any  amount 

Site  Specific/Risk-based"^* 

TPH 

EPA  Method  418.1 

1  Omg/kg 

.any  amount 

* 

None*^* 

VOCs 

EPA  Method  8240 

Chemical  Specific 

any  amount 

* 

Site  Specific/Risk-based** 

PAH 

EPA  Method  8 100.  8270.  8310 

Chemical  Specific 

any  amount 

Site  Specific/Risk-based** 

^  Product  Specific/  Site  Specific.  Contact:  Chris  Chandler.  Te.xas  Natural  Resource 

**  No  Range  Available.  Based  on  set  procedures.  used  for  establishing  cleanup  goals.  Conservation  Commission  512-239-2200 


Summary  of  Vermont  Cleanup  Standards  tor  Hydrocarbon  Contaminated  Soil 


Product 

Parameter/ 

Constituent 

Lab  Test  Protocol 
&  Number 

Detection 

Level 

Notification 

Level 

Action 

Level 

Cleanup  Level 

Gasoline 

BTEX 

EPA  Method  8020 

lOOppb 

any  amount 

Site  Specific 

Diesel 

BTEX 

TPH 

EPA  Method  8020 

EPA  Method  4 18.1 

lojpm 

any  amount 

any  amount 

* 

1000  ppm 

Site  Specific 

Waste  Oil 

VOCs 

or  Extended  GC 

EPA  Method  8240 

100  pg/kg 

any  amount 

* 

Site  Specific 

20  times  the  groundwater  enforcement  standard  for  specific  compounds.  Contact;  Chuck  Schwer,  Agency  of  Environmental  Conservation  802-24 1-3S88 
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Product 

Parameter/ 

Constituent 

Lab  Test  Protocol 
&  Number 

Detection 

Level 

Notification 

Level 

Action 

Level 

Cleanup  Level 

Gasoline 

BTEX 

EPA  Method  8020 

any  amount 

Site  Specific/Risk  Based 

TPH 

Cal  Luft  Method 

•  10  mg/kg 

any  amount 

Site  Specific/Ri.sk  Based 

Diesel 

BTEX 

EPA  Method  8020 

any  amount 

Site  Specific/Risk  Based 

TPH 

Cal  Luft  Method 

1 0  mg/kg 

any  amount 

Site  Specific/  Risk  Based 

Waste  Oil 

TPH 

Cal  Luft  Method 

* 

anv  amount 

Site  Soecific/Risk  Based 

PQL  tor  consiiiuents  as  stated  in  SW846.  Note:  Methods  above  are  required  for  reniediation  monitoriniz  under  permit. 
Durine  Site  Characterization.  Closure,  etc.  all  EPA  approved  methods  and  Cal  Lutt  Method  tbrTPH  are'acceptable. 


Contact:  Da'.e  Chance.  Virninia  DEQ 
804-762-4288 


Summary  of  Washington  Cleanup  Standards  for  Hydrocarbon  Contaminated  Soil 


Product 

Gasoline 


Diesel 
Waste  Oil 


Parameter/ 

Constituent 

Benzene 

Ethylbenzene 

Toluene 

Xylenes 

TPH 

Total  Lead 

TPH 

TCLP 

PCBs 

Volatile  Organics 

Phenols 

PAHs 

Total  Metals 


Lab  Test  Protocol 
&  Number 

~  EPA  Method  8020  or  8260 
EPA  Method  8020  or  8260 
EPA  Method  8020  or  8260 

EPA  Method  8020  or  8260 
WTPH-G 

EPA  Method  6010.  7420 

or  742 1 

WTPH-D 

EPA  Method  1311 

EPA  Method  8080 

EPA  Method  8021 

or  8260 

EPA  Method  8040  or  8270 
EPA  Method  8100  or  8270 
EPA  Method  6010  and 
7000  series 


Detection 

Levei 


Notification 

Level 

Action 

Level 

Cleanup  Levei 
Method  A  /  Method  B 

any  amount 

NS 

0.3mg/kg  /  .5mg/kg 

any  amount 

NS 

2()mg/kg  /  20mg/kg 

any  amount 

NS 

4()mg/kg  /  40mg/kg 

any  amount 

NS 

20mg/kg  /  20mg/kg 

any. amount 

NS 

1  OOmg/kg  /  I  OOmgTkg 

any  amount 

NS 

250mg/kg/  lOOOmg/kg 

any  amount 

NS 

200mg/kg  /  200mg/kg 

any  amount 

NS 

Analyte  Specific 

any  amount 

NS 

1  mg/kg 

any  amount 

NS 

Analyte  Specific 

any  amount 

NS 

Analyte  Specific 

any  amount 

NS 

1  mg/kg 

any  amount 

NS 

Metal  Specific 

*  Test  Specific.  NS-Non  Specified.  Note:  Washington  State  has  rating  matrix  to  establish  cleanup  standards  Method 
A  -  Routine  Cleanups  Where  .Numerical  Numbers  In  Method  A  Tables.  Method  B  =  Residential  (Risk  Based) 

Method  C  =  !)  Commercial  (Risk  Based).  2)  Industrial  iRi^k  Based).  Methods  A  or  B  cleanup  levels  are  below 
Area  Backround  Levels. 


Contact:  Lydia  Lindwall,  Washington 
Department  of  Ecology  360-407-7205 


Product 

Gasoline 


Parameter/ 

Constituent 

Lab  Test  Protocol 
&  Number 

Detection 

Level 

Notification 

Level 

Benzene 

Toluene 

EPA  Method  8020 

EPA  Method  8020 

any  amount 

any  amount 

Ethylbenzene 

EP.A  Method  8020 

any  amount 

Xylenes 

EPA  Method  8020 

any  amount 

TPH 

EP.'K  Method  8015 
Modified* 

Benzene 

EP.A  Method  8020 

any  amount 

Toluene 

EPA  .Method  8020 

any  amount 

Ethylbenzene 

EPA  Method  8020 

any  amount 

Xylenes 

EP.A  Method  8020 

any  amount 

TPH 

EPA  Method  8015 
Modified* 

Contammated  Soil 


*  Report  GRO  and  DRO  separately 


Level 


BTEX 

50ppm  Site  Specific 


BTEX 

nt  lOppm  total  Site  Specific 

BTEX 

nt  lOppm  total  Site  Specific 

BTEX 

lOOppm  Site  Specific 

Contact:  Mike  Sutphin,  West  Virginia  Department  of 
Environmental  Protection  304-558-63' 1 
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Summary  of  Wisconsin  Criteria  for  Hydrocarbon  Contaminated  Soil 


Product  Parameter/  Lab  Test  Protocol  Detection  Notification  Action  Cleanup  Level 
Constituent  &  Number  Level _ Level _ Level _ 


Ga.'^oline 

GRO 

W1  DNR  Modified  ** 

GRO  Method 

any  amount 

lOiJg/kg 

lOOpg/kg  or  Site  Specific 

pvoc 

voc'’ 

ERA  Method  8260  or  ** 

50.f0/8020  or  ,‘5030/8021 

any  amount 

Any  Amount^ 

or  Site  Specific 
50pg/kg  or  Site  Specific 

Pb,  Cd 

EPA  Method  3050/  7420  or  ** 
3050/7421  or  3050/6010 

any  amount 

Any  Amount^ 

8pg/kg  or  Site  Specific 

Diesel 

DRO 

WI  DNR  Modified  ** 

DRO  Method 

any  amount 

10  Mg/l^g 

lOOpg/kg  or  Site  Specific 

PVOC 

EPA  Method  8260  or  ** 

5030/8020  or  5030/8021 

any  amount 

Any  Amount^ 

or  Site  Specific 

PAH-'’ 

EPA  Method  83  lOHPLC 

3540/8270  or  3550/8270 

any  amount 

Any  Amount^ 

Site  Specific 

Waste  Oil 

PAH-^ 

EPA  Method  83  lOHPLC 

3540/8270  or  3550/8270 

any  amount 

Any  Amount^ 

Site  Specific 

EPA  Method  5030/8021 
or  8260 

any  ampunt 

Any  Amount^ 

Site  Specific 

PVOC 

EPA  Method  5030/8020  or  ’ 
5030/8021  or  8260 

any  amount 

Any  .Amount- 

or  Site  Specific 

PCB 

EPA  Method  3540/8080 
or  3550/ 8080 

any  amount 

Any  Amount^ 

Site  Specific 

Wisconson  Admin.  CODE  N'R720  Test  Specific.  =^*=^Benzene-5.5ug/kg.  Toluene- 1 500ug/kg.  Contact:  Mike  Barden,  Wisconsin  Depanmeni 

Ethylbenzene-2900ug/kg,  Xylenes- 1  lOOpg/kg.  1.2.  dichloroechanc-4.9pg/kg.  of  Natural  Resources  608-264-6007 

Notes:  (  H  Petroleum  Volatile  Organic  Compounds-defined  in  Analytical  Guidance.  (2)  Sample  at  least  once.  (3) 

See  Analytical  Guidance.  (4)  At  tank  removal.  (5)  Site  specific-may  require  investigation,  may  require  cleanup. 


Summary  of  Wyoming  Cleanup  Standards  for  Hydrocarbon  Contaminated  Soil 


Product 

Parameter/ 

Constituent 

Lab  Test  Protocol 
&  Number 

Detection 

Level 

Notification 

Level 

Action 

Level 

Clean-up  Level 

Gasoline 

Benzene 

EPA  Method  8020 

0.1  mg/kg 

any  amount 

Ethylbenzene 

EPA  Method  8020 

O.l  mg/kg 

any  amount 

* 

Toluene 

EPA  Method  8020 

0.1  mg/kg 

any  amount 

* 

Xylenes 

EPA  Method  8020 

0.1  mg/kg 

any  amount 

* 

Leaded  Gas 

Total  Lead 

EPA  Method  289.2/6010 

5mg/kg 

any  amount 

* 

Fuel  Oils 

TPH 

BTEX  same  as 
Gasoline 

Modified  8015 

4  mg/kg 

any  amount 

>30mg/kg 
>  1  OOmg/kg 

30mg/l  gw<50‘ 
lOOmg/1  gw  >50’ 

Lubricating  Oil 

Waste  Oil 

TPH 

BTEX  and  TPH 
same  as  Fuel  Oil 

BTEX  same  as 
Gasoline 

Modified  8015 

4  mg/kg 

any  amount 

>I00mg/kg 

1  OOmg/kg 

TPH 

Modified  8015 

4  mg/kg 

any  amount 

>1  OOmg/kg 

1  OOmg/kg 

Total  Lead 

EPA  Method  239.9/  6010 

5  mg/kg 

any  amount 

Total  Cadmium 

EPA  Method  213.1/6010 

.5  mg/kg 

any  amount 

Total  Chromium 

EPA  Method  218.1/6010 

.5  me/ke 

anv  amount 

* 

*  Site  Specific.  Note:  Site  Specific  soil  cleanup  levels  for  organic  compounds  and  metals  are  determined  from  an  Contact:  LeRoy  Feu.sner.  Department  ot 

environmental  fate/transport  environmental  risk  assessment  model  contained  in  the  Wyoming  Water  Quality  Rules  and  Environmental  Quality  307-777-704p 

Regulations.  Chapter  XVII.  Underground  Storage  Tanks.  .Appendi.x  A.  Procedures  for  Establishing  Environmental 
Restoration  Standards  for  Leaking  Underground  Storage  Tank  Remediation  Actions. 
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Appendix  C:  Selected  Operational  Problems 


Operational  problems  associated  with  the  wastewater  primary  and  secondary  treat¬ 
ment  systems  exist.  The  following  comments  are  not  indicative  of  CVWFs  in  general, 
but  are  presented  solely  for  their  observational  value.  Site  visits  were  made  to  two 
selected  installations  and  observations  are  included  here.  Operational  problems 
associated  with  the  user  interface  with  the  CVWF  cleaning  process  are  beyond  the 
scope  of  this  review. 


Problem  1 

Statement 


The  CVWF  primary  treatment  system  appears  to  be  inadequa,te  for  the  solids  loading 
witnessed  by  the  researchers. 

Discussion 

CVWF  solids  loading  rates  are  higher  than  the  1-year  clean-out  frequency  suggested 
in  TM  5-814-9.  Cost  considerations  modified  the  design  to  a  four  times  per  year  basis 
for  suggested  cleaning.  Operators  indicated  that  each  settling  basin  required  clean  out 
two  to  three  times  a  year  and  that  each  cleaning  generated  approximately  500  cu  yd. 
of  material.  Additionally,  the  sediment  loads  were  so  high  than  sediment  deposits 
were  breaking  the  surface  of  the  primary  sedimentation  basin.  The  result  was  a  far 
higher  apparent  surface  loading  rate  in  the  settling  basin  than  the  original  design.  As 
a  result,  higher  amounts  of  suspended  solids  carried  over  into  the  secondary  treatment 
system.  The  loading  rate  is  close  to  anticipated.  The  solids  storage  basins  were  imder- 
sized  to  save  construction  resources.  Carryover  is  also  due  to  improper  basin  operation 
during  bath  dumps  emd  poor  influent  structure  design,  which  causes  short  circuiting. 
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Problem  2 
Statement 

CVWF  primary  basin  sediment  is  difficult  to  remove  and  transfer. 

Discussion 

Observers  from  USAWES  and  USACERL  found  that  dewatering  of  sediments  was 
dependent  primarily  on  evaporation.  After  a  quiescent  period,  a  clear  water  layer  was 
decanted  into  the  effluent  trough  using  a  sluice  gate.  This  brought  the  water  level 
down  to  approximately  2  ft.  A  bottom  drain  is  used  to  remove  most  free  water,  or  it 
is  removed  using  a  portable  pump.  There  is  a  problem  with  sediment  flowing  through 
the  bottom  drain,  so  it  is  only  partially  opened.  From  that  point  on,  evaporation  was 
used  to  remove  the  moisture  from  the  remaining  approximately  500  cu  yd  of  sediment. 
If  possible,  DEH  will  remove  the  sediments  after  evaporation  has  removed  enough 
water  to  allow  the  sediment  some  structural  stability.  Due  to  constraints  on  DEH 
resources,  the  sediment  is  often  removed  after  little  or  no  drying.  The  sediment  is 
loaded  by  front-end  loader  into  dump  trucks  with  a  significant  loss  of  material  back 
into  the  basin  and  on  roads. 

A  second  CVWF  with  two  parallel  basins  had  no  bottom  drains  or  sluice  gates.  As  a 
result,  essentially  all  the  water  had  to  be  pumped  to  the  degree  possible  and  then 
evaporated  as  a  method  of  solids  dewatering  before  physical  removal. 

The  major  impacts  in  both  cases  are:  (1)  increased  primary  basin  down  time  and 
reduced  primary  treatment  efficiency  during  downtimes,  and  (2)  an  additional  burden 
on  DEH  resources. 


Problem  3 
Statement 

Silts  and  clays  short  circuit  through  lagoon  one  of  the  secondary  treatment  system. 

Discussion 

The  first  of  two  lagoons  in  series  had  the  influent  and  effluent  points  in  essentially  the 
same  one-third  of  the  basin.  As  a  result,  the  sediment  was  being  deposited  in  only  one 
third  of  the  basin  instead  of  being  equally  distributed  over  the  basin  floor.  Also, 
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suspended  solids  in  concentrations  higher  than  design  concentration  were  probably 
entering  the  system  due  to  the  undersizing  and  improper  operation  of  the  primary 
sedimentation  basin.  Additionally,  the  overall  system  retention  time  was  reduced. 


Problem  4 
Statement 

The  sedimentation  lagoon  will  require  cleaning. 

Discussion 

Sedimentation  lagoons  must  be  cleaned  as  they  near  the  end  of  their  design  life  due 
to  silt-in.  If  silting  rates  are  higher  than  anticipated,  design  life  may  be  reduced.  One 
option  available  to  extend  the  life  of  the  earthen  basins  is  the  dredging  of  the  basins 
using  nonintrusive  techniques  that  will  reduce  the  chance  of  puncturing  the  liner. 
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